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ABSTRACT

Fresh Tennessee-grown Cardinal strawberries, with and without calcium
treatment (CAD, were stored In a permeable film (PFL) to water or a barrier-

film (BFL)for 0 to 8 days at 25'C or 0 to 20 days at 2'C. The percentage
carbon dioxide and oxygen and ethylene(ppm) In the package headspace of

the berries, percentage packages with off-flavor (OFF) and noticeable mold

growth (MOLD), percentage weight unacceptable berries (UNACEPT),
percentage weight loss (LOSS), percentage liquid drip (LIQ) and acidity (AC)
and calcium content (Ca) on the berries were determined. The flavor of

berries, with and without CAL, stored 0 to 8 days at 2^ was evaluated by a

sensory panel and their flavor volatlles were qualltated and quantltated by
gas chromatography-mass spectrometry,
CAL of berries stored at 25^ reduced the rate of respiration as shown

by decreased levels of carbon dioxide and ethylene In the package headspace
of the berries at 4-days storage. CAL also reduced the MOLD In berries
stored at the same temperature. However, CAL of berries stored at 2^
reversed these results. In addition, CAL which Involved treatment of the
strawberries In a 0.5% calcium lactate solution for 4 min at 5 psi pressure

Injured the berries. Strawberries with CAL had a greater LOSS and LIQ than
berries without CAL, and the differences In LOSS and LIQ between berries

with and without CAL were greater at 25*C than at 2'C storage. CAL has no
effect on the AC of the berries but Increased the Ca content significantly.
The flavor of the CAL berries was liked less than the flavor of the berries

without CAL by the sensory panel, Twenty volatiles were identified and
quantitated in the strawberries, and CAL resulted in decreased levels of

several volatiles: ethyl butyrate, hexanal, 1-hexanol, hexyl acetate, linalool,
2-heptanol and 1-octanol

Film did not have any great effect on the quality of the strawberries

during storage, but storage of strawberries in the BFL resulted in a lower
LOSS but a higher LIO than storage in the PFL, Storage in the BFL also
resulted in higher carbon dioxide, but the level was not high enough to
reduce the MOLD.

Generally, higher temperatures and longer storage times caused greater
LOSS, LIQ, MOLD and OFF, The rate of increase in the levels of these

variables was greater at 25*C than at 2*C. Levels of carbon dioxide and
ethylene generally were maximum by 4 days storage at either temperature,
with levels of these gases being higher at 25'C. AC decreased linearly

across storage time at 2'C but increased quadratically at 25°C. Storage at
2X for 8 days resulted in detectable levels of methyl isobutyrate, methyl
butyrate, isobutyl acetate, ethyl methylbutyrate and ethyl hexanoate which

were not detectable at 0 day, Storage, however, reduced the concentration
of total volatiles,
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CHAPTER I

INTRODUCTION

The Strawberry, a delicate fruit, has been flourishing In production for
years largely because of Its attractive appearance and desirable aroma and

flavor. The production In the United States was 245 million kg with a value
of 155 million dollars In 1977, However, since then, production has

Increased yearly reaching 531 million kg with a value of 537 million
dollars In 1988(USDA, 1989). In value, strawberries rank fourth In fruit

production In the USA. Oranges with a value of 1.806 billion dollars, grapes,
1.712 billion dollars, and apples, 1.049 billion dollars, are the only fruits
that are more valuable.

Most of the strawberries produced are consumed fresh with the rest

being utilized by the food industry. According to information released by
the USDA (1990), up to 74.8% of the total strawberry production in the USA
went directly to fresh markets in 1989. The production of the fruit,
however, is not evenly distributed over the country, but is concentrated in
the areas of California, Florida and Texas. California produced 73,9% of the

strawberries in the nation in 1988(USDA, 1989). Large quantities of the
fresh fruit are transported yearly from California to 41 major cities In the

nation. Transit times are usually 3 days to midwestern cities and 5 days to
eastern cities.

Many California berries, however, after transport, are tough and have
little flavor. The berries are usually harvested for long distance shipment

before they ripen enough for fresh markets. Although this allows the fruit
to have a longer shelf-life, it also causes them to be tough. In addition, for

the past 20 years, modified atmosphere storage (10-30% carbon dioxide)
during shipment has been used to decrease decay and improve the keeping
quality of the fruit. This often results in off-flavored or bland-flavored

strawberries (Aharoni and Barkai-Oolan, 1987; Harris and Harvey, 1973;
Wells, 1970; Wells and Uota, 1970). The development of an off flavor

depends upon the variety of the strawberry, the carbon dioxide

concentration and the exposure time of the berries (Couey et al., 1966;
Couey and Wells, 1970; El-Kazzaz et al., 1983; Harris and Harvey, 1973).
In comparison to the California strawberries, varieties grown locally in

Tennessee are generally more tender and flavorful, but they have a much
shorter shelf-life. Therefore, ways need to be investigated to Improve the
shelf-life while maintaining the texture and flavor of these locally grown
varieties,

One of the main varieties of strawberries grown in Tennessee is the
"Cardinal" which was developed in Arkansas in 1967 for both fresh market

and processing (Moore et al., 1975). This fruit was developed to be glossy
and firm and to maintain these characteristics during postharvest storage.
The "Cardinal" variety grown in Tennessee has a very desirable flavor, but
also has a soft texture and a short shelf-life. Little research has been done

to improve the texture and increase the shelf-life of this variety.
Successful ways to extend the shelf-life of fresh strawberries include

refrigeration and controlled and modified atmosphere storage (Aharoni and
Barkai-Golan, 1987; Couey and Wells, 1970; El-Kazzaz et al., 1983). An

economical way to increase the shelf life of strawberries sold on a local

fresh market would be to package the berries in a film that would increase
the carbon dioxide in their atmosphere. Aharoni and Barkai-Golan (1987)

found that overwrapping strawberries (cultivar, Aliso) in commercial fiber
trays or plastic baskets with polyvinylchloride(PVC)film increased the
carbon dioxide in the headspace of the strawberries to 10.5% resulting in
increased keeping quality. Barkai-Golan and Aharoni (1983) also showed
that storage of strawberries in such trays or baskets in polyethylene bags
had a similar effect. No reports were found, however, in which the shelf

life of "Cardinal" variety strawberries stored in a similar manner had been
investigated.
Pressure treatment of apples with calcium salts has been shown to help

retain fruit firmness, reduce carbon dioxide and ethylene evolution and

decrease storage breakdown and rot (Conway and Sams, 1984). Only one
report of a study was found in which calcium treatment was used with

strawberries, Morris et al.(1985)found that dipping "Cardinal" strawberry
slices in calcium lactate increased their firmness and improved their

processing properties. These researchers, however, did not study the effect
of the calcium dip on carbon dioxide and ethylene evolution, flavor or shelf
life of the berries.

Since little research has been reported concerning postharvest treatment

of the "Cardinal" variety of strawberries, and this variety is grown widely
in Tennessee, the objectives of this experiment were to investigate the
effects of postharvest treatments on the characteristics of these berries.
These treatments included calcium infusion of whole strawberries under

pressure and no calcium infusion followed by overwrap with two different

films(PVC and an experimental water-barrier film) and storage at 2 or
25*C for up to 3 weeks. Headspace gases including carbon dioxide and
ethylene, presence of ethanol odor, noticeable mold growth, and weight loss
by evaporation were investigated in the strawberry packages. The drip loss
in the package, titratable acidity, calcium content, flavor volatiles and
flavor desirability of the strawberries were also determined.

CHAPTER II

LITERATURE REVIEW

Strawberry Growth and Postharvest Behavior

The development of the strawberry, as with other fruits, can be divided

into three physiological stages after initiation or germination. These
stages are growth, maturation and senescence. Growth and maturation are

the development stages of fruit, while senescence is well known as the

degradation period when anabolic (synthetic) metabolism inside fruits is
converted to catabolism (a degradation process), which leads to the final

death of the tissue. Fruits begin to ripen just prior to the onset of
senescence. However, with the onset of senescence, the fruit becomes too

ripe causing a decrease in its olfactory quality (Wills et al., 1989). As a
result, the fully ripe fruit becomes more susceptible to microbial infection

which causes a high postharvest decay loss (El-Kazzaz et al., 1983).

Retardation of senescence by any process also depresses decay and extends
the shelf life of the fruit.

The fact that the fruit is alive after harvesting must be taken into
account during postharvest handling. Fruit continues to respire and to

maintain the physiological systems present before harvesting.
Carbohydrates stored in the tissue are converted by the fruit into carbon
dioxide and water. Ripening and senescence will occur even when the fruit
is harvested from its plant (Wills et al., 1989).

Efforts to extend the shelf life of strawberries and to depress their

postharvest decay retard the rate of fruit respiration and the growth of

microorganisms causing the decay. Successful efforts are based on
knowledge of the physical and chemical reactions in strawberries during
storage and of the microorganisms causing the rotting.

Ripening of strawbernes.

Rhodes(1970) reported,

"the ripening of fruit may be defined as the sequence of
Changes in color, flavor and texture which leads to the state at
which the fruit is acceptable to eat,"

However, the completion of ripening marks the onset of fruit senescence,

leading to unacceptable olfactory and taste sensations (Wills et al., 1989)
In general, the ripening process in fruit includes the loss of chlorophyll and
the synthesis of new pigments, alteration in flavor including acidity,
sweetness and volatiles, and changes in texture (Rhodes, 1970; Wills et al,,
1989).

An investigation focused on the physical and chemical changes during the

ripening process of strawberries was reported by Woodward (1972). This
researcher found that the strawberry was a non-climacteric fruit, but it
ripened rapidly shortly before or after harvest. Woodward showed that in

the strawberry 20-30 days after petal fall, production of chlorophyll and
carotenoids ceased and the plastids in cells began to degenerate. Very soon
after the disappearance of the yellow pigments, anthocyanin was
synthesized (35 days after petal fall). At this point, the ripening of the

fruit started. During ripening, the strawberry texture softened considerably
as a result of the breakdown of the polysaccharides in the cells. In addition,
the sugar content of the berries increased and the titratable acidity
decreased. At the point where strawberries are in this condition, their

flavor and texture are very desirable to consumers(Woodward, 1972).
However, they rapidly degrade after this point and become unacceptable.

Postharvest Respiration of Strawberries

Respiration is one of the major concerns in harvested strawberries. It is
commonly accepted that fruits have two kinds of respiration pathways,

aerobic and anerobic, depending on the atmosphere surrounding them. Under
aerobic conditions, fruits oxidize organic substances such as glucose and
organic acids stored in their tissues to carbon dioxide and water and emit

heat of respiration. When the oxygen is too limited in the environment for
the fruits to undertake the aerobic metabolic process, the fruits convert

sugar either to lactic acid or acetaldehyde and ethanol in a process termed

fermentation. These two types of respiration are found during strawberry
storage (Aharoni and Barkal-Golan, 1987; Browne et al., 1964; Couey and
Wells, 1970; El-Kazzaz et al., 1983).

The strawberry belongs to the non-climacteric class of fruit in which

respiration and rate of ethylene production do not increase with ripening

(Wills etal., 1989; Woodward and Topping, 1972). However, an apparent
increase in respiration during strawberry storage was reported by
Woodward and Topping (1972). The berries in the investigation of the latter
researchers were stored at 4.5*C under air or in atmospheres containing I, 2
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or 5% carbon dioxide. An initial decrease in respiration was found in

strawberries under any atmosphere during the first 5 days of storage, after
which there was a marked increase in the respiration rate. This increase

was thought to be a reflection of the increase in decay of the fruits.
However, the rate of increase was less for the strawberries stored under

the atmosphere containing 2 or 5% carbon dioxide than for those stored
under the other atmospheres. The same results also were found among

strawberries stored at 5 to 7*C (Ingle, 1970; Tomalin and Robinson, 1971).
In the ripening process of non-climacteric fruits, the downward drift in
respiration is accompanied by a decline in the ethylene evolution (Janes et
al., 1978). This decline in ethylene production has little effect on
strawberries as can be seen in the following section.

Ethvlene and Harvested Strawberries

Ethylene is known as the fruit ripening hormone (Crocker et al., 1935)
and is a by-product of the ripening process of fruits (Biale et al., 1954). All
fruits produce a certain amount of ethylene during their development and

ripening. However, strawberries produce much less than climacteric fruits.
There is very little change in levels of ethylene produced during

development and ripening of the strawberry (Wills et al., 1969).
There are controversial reports on the effect of different levels of

ethylene on strawberry ripening. While as little as 100 ppm ethylene in the
headspace of climacteric fruits can increase the respiration rate (Biale,
1964), Mason and Jarvis(1970)reported that even 0.2% of external

ethylene could not accelerate strawberry ripening. Also, Siriphanich (1980)

reported that removal of ethylene from the storage atmosphere of

strawberries had no benefit in improving storage quality. In contrast to the
results of Siriphanich (1980), El-Kazzaz et al.(1983)found that if the

ethylene accumulated up to 20 ppm around stored strawberries, disease

development increased drastically reducing their shelf life. These latter

investigators explained that the present of 20 ppm ethylene might enhance
senescence by increasing the rate of respiration or by other means. The

results of El-Kazzaz et al.(1983) also are contradictory to those reported

by Biale (1964) who suggested that at least 100 ppm of ethylene was
necessary to stimulate climacteric like response among non-climacteric
fruits.

Postharvest Decav of Strawberries^

Decay is a major problem causing loss in strawberries during postharvest
handling and storage. Market loss from decay in strawberries shipped via
air to eastern markets in the U.S.A. averaged 3-4% upon arrival and 8-10%

after 24 hr storage at 15.6 to 21.1'C (Harvey et al., 1966). The loss from

decay is influenced by the length and temperature of storage. Harris and

Harvey (1973)reported that up to 64% of strawberries decayed after
storage at 5*C for 3 to 5 days followed by 2 days storage at 15.6*C. El-

Kazzaz et al.(1983)found that 97% of strawberries rotted during 21 days
storage at 3.3*C.

Postharvest decay of strawberries is known as gray mold rot caused by
Botrytis cinerea, Rhizopus rot caused by Rhizopus stolonifer, and other rots
caused by Phytophthora cactorumM Cladosporium herbarum

1970).
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The principal types of decay in strawberries are B. cinerea rot and Rhizopus

rot (Couey et al., 1966; Couey and Wells, 1970; El-Kazzaz et al., 1983;
Harris and Harvey, 1973; Wells, 1970).

Strawberry Flavor

Sensorv Evaluation of Fresh Strawberries

The sensory quality of strawberries is determined largely by taste and
aroma, but it is influenced also by mouthfeel caused by berry texture. The
taste depends primarily upon the acid-sugar ratio in the berry, while the
aroma is due to volatile organic compounds in the fruit. Flavor perception is

dependent to a great degree on the amount of volatile compounds which are

released from the berries during chewing and which reach the olfactory
sensors in the nose. The intensity of the flavor has been shown to increase
with increasing concentrations of volatiles in fresh strawberries(Schamp

and Dirinck, 1982). However, flavor intensity and the quality of the
strawberry fruit are highly dependent on the variety, fruit maturity and
processing.

Strawberrv varietv. Dirinck et al.(1981)found differences in perceived

flavor intensity and volatile composition and concentration among thirteen
strawberry varieties. They indicated that higher concentrations of total
volatiles resulted in greater perceived flavor intensity among the varieties,
Confitura, Gorella, Induka, Jesco, Primella, Singa Gigana, Sivetta, Red
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Gauntlet, Gel Rubi, Geko, Domanil and Hapll. However, they did not find this
same relationship for the Souvenir variety. Morris et al.(1985) used a
sensory panel to evaluate the flavor of two strawberry varieties. Cardinal

and Sunrise, after sugar had been added to the berries and the berries were
frozen. The Cardinal strawberry variety had more acceptable f lavor than did
the Sunrise variety. Flavor differences among varieties may be due to the
differences In genetic composition which determines the enzyme system In
the strawberry and their activity In flavor formation (Heath and Relnecclus,
1986).

Fruit maturltv. Fruit maturity also plays a very Important role In
determining flavor quality of strawberries. In general, flavor development
occurs during the maturation process, and only ripe strawberries have

characteristic flavor. A full investigation concerning the flavor
development in strawberries was done by Yamashita et al. (1977). They
reported that berries harvested from 5 to 20 days after blooming had no
characteristic strawberry flavor; those harvested at 30 days had a faint

characteristic flavor, and those harvested from 40 to 45 days after
blooming were flavorful with mature strawberry aroma, Yamashita et al,
(1977) also found that ester formation increased remarkably during the

final maturing stage and was accompanied with an increase in the

generation of volatile fatty acids. These researchers assumed that the lack
of volatile fatty acid and ester formation were two limiting factors

associated with the absence of estery notes in immature strawberries.
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Processing. Heating fresh fruits has long been known to alter the fresh
flavor. Sloan et al.(1969)showed a great alteration In the flavor of the
fresh berry after the strawberries had been heated at 120*C for 30 min. In
addition, storage and freezing strawberries also leads to a decrease in the
aroma intensity (Schreier, 1980).

Flavor Volatile Isolation Methods

The general steps used in analysis of flavor volatiles include isolation,
concentration, separation, identification and quantitation. Gas

chromatography-mass spectroscopy (GCMS) is the most commonly used
method of separation and identification while GC with a flame ionization

detector (FID) allows for quantitation of the individual volatiles (Heath and

Reineccius, 1986). However, isolating a flavor volatile mixture which
represents the typical aroma of food always has been a major concern.

According to Heath and Reineccius(1986), the basic methods for flavor
isolation include distillation procedures, solvent extraction and headspace
techniques.

Distillation methods. Volatile isolation by distillation is conducted on

the basis that the flavor components of a food are volatile while the major

food constituents (except water) are not (Heath and Reineccius, 1986).
Steam distillation or vacuum distillation in combination with sufficient

heating of the food product vaporizes the flavor volatiles, along with the
water, and both then condense in cold traps. The flavor volatiles are
extracted from the condensates by an organic solvent and the flavor extract
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is concentrated via evaporation, freeze or absorption ^Heath and Reineccius,
1986),

Although distillation methods isolate a wider range of flavor volatiles
and result in a better recovery of most volatiles than headspace techniques
(Leahy and Reineccius, 1984), the heat used for distillation can cause
thermally induced artifacts in the fresh flavor of fruits. Sloan et al.(1969)

reported that heating strawberries for 30 min at 120'C caused the
production of dimethyl sulfide, acetaldehyde, isobutyraldehyde, furan, 2acetyl furan and ethyl furoate. These compounds are not normally present in
the flavor volatiles of fresh strawberries.

Vacuumi distillation requires less heat and lower temperature to

vaporize the volatiles than the other types of distillation, and this reduces
the chance for thermal artifact production. Sloan et al.(1969) distilled

fresh strawberries at 2 mm Hg pressure with the sample temperature kept
belo'w ZOX Schreier (1980) collected fresh strawberry volatiles by
distilling the fruit maintained at 45°C under vacuum (665 pa). In each study
the flavors were extracted from the condensates by a continuous liquidliquid extraction for 8 to 24 hr. Both Sloan et al.(1969) and Schreier
(1980) reported that vacuum distillation prevented the formation of the
previously mentioned thermal artifact compounds.

Solvent extraction. The flavor compounds of food products with little or

no fat such as some vegetables and fruits can be extracted with organic

solvents such as diethyl ether, chloroform or isopehtane (Heath and
Reineccius, 1986). Generally, solvent extraction Is the most efficient
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flavor Isolation method for high-bollers (compounds with high boiling
points) when compared with distillation or headspace techniques. Leahy and
Reineccius(1984)reported that solvent extraction by dichloromethane for 4
hours recovered 76.3% of benzyl acetate while headspace purge and trap
recovered only 35.8% and distillation extraction did 59.2% of the compound.
However, low-boilers(compounds with low boiling points) may not be
recovered as well with solvent extraction as with other volatile isolation

methods. Leahy and Reineccius(1984)showed that no ethanol or propanol
was recovered with pentane or dichloromethane extraction; that 31.1% of
ehtanol of 2.5% of propanol was recovered with headspace trap and that 6%
of ethanol and 28.5% of propanol was extracted with distillation method.

Only one report of a study was found in which fresh strawberry flavor
volatiles were isolated by solvent extraction. Mussinan and Walradt(1975)

extracted organic acids from two crates of fresh California strawberries by
1800 mL of diethyl ether containing 10% methanol. They noted that the
extract possessed a good, fresh strawberry aroma.
Headspace analvsis. There are two types of headspace analysis methods

for flavor volatile analysis: direct injection and headspace concentration
techniques. Headspace methods allow the analysis of those volatiles
responsible for the aroma of the food more so than distillation or solvent

extraction methods(Schamp and Dirinck, 1982).

Direct injection of headspace gases is commonly used in the study of
fresh flavors of foods. The method is simple and fast. Ten-mL or less of

headspace vapor above a food product in an air tight container is withdrawn

15

and this sample Is Injected directly into the gas chromatcgraph for analysis
(Heath and Reineccius, 1986). Yamashita et al.(1975, 1977) used direct

injection to investigate volatile formation in fresh strawberries. Also,
esters were analyzed from the headspace of strawberry tissue to which
known amounts of alcohols and aldehydes had been added as substrates for
ester formation. Only 14 compounds were found in the studies of Yamashita
et al.(1975, 1977). Weurman (1974)reported that the concentration of

volatiles above a food product ranged from 10"! ^ to 10""^ g per liter. With
these levels, only the most abundant volatiles above the food can be
analyzed since the components present at the lower concentration range
are below the detectable range of modern detectors (Heath and Reineccius,
1966). The direct injection method is used primarily for detection and
measurement of ethylene in the headspace of packaged strawberries
(Aharoni and Barkai-Golan, 1987; Browne et al., 1984; El-Kazzaz et al.,
1983; Li and Kader, 1989).

In headspace concentration, equilibrium headspace vapors above a food

product is purged with an inert gas through cryogenically cooled traps, an
adsorbent trap or an on-column vapor trap. The flavor volatiles are

ensnared in the traps and concentrated. The two most often used types of

adsorbents for trapping flavor volatiles are charcoal and Tenax-6C (Heath
and Reineccius, 1986).

Tenax-6C adsorbent traps have been used to investigate the flavor
volatiles of fresh strawberries (Dirinck et al., 1977, 1981; Schamp and

Dirinck, 1982); carrots(Simon et al., 1980); wine (Noble et al., 1980);
cocked beef (Gait and Macleod, 1984), fresh whitefish (Josephson et al..
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1983) and Camembert cheese (Karahadlan et a1,, 1985). Tenax-GC has a high
affinity for organic compounds, is highly hydrophobic and has good thermal
stability up to temperatures of 375°C (Gait and Macleod, 1984). These

characteristics allow the adsorption of the organic flavor volatiles without
contamination by water and allow thermal desorption of these volatiles

onto a gas chromatographic column without artifact formation (Heath and
Reineccius, 1986).

Dirinck et al.(1981) used 5 g of Tenax-GC to isolate and concentrate
volatiles from the headspace of Bel Rubi strawberries. They desorbed the
trapped volatiles at 220°C for GC analysis. In all, they found a total of 30
volatile compounds that were isolated and concentrated by the Tenax-GC

adsorbent trap. The concentration range of the volatiles analyzed ranged
from 0.053 to 27,428 |ig in 5 L of headspace.
Tenax-GC is preferred as the adsorbent in studies in which the volatiles

of interest have relatively high boiling points (Gait and MacLeod, 1984).
However, it has a much lower absorption capacity than charcoal (Heath and

Reineccius, 1985), On the same weight basis as charcoal, Tenax-GC
absorbed only 0.53% of benzene compared with 24.7% by charcoal, and 0.0%
ethanol compared 7.9% by charcoal.

Charcoal like Tenax-GC has good affinity for organic compounds and it's
activity is not affected by the presence of water (Hassler, 1963). With the
greater adsorption capacity than Tenax-GC, charcoal should then be the

adsorbent of choice for investigations of flavor volatiles. However, there is
one problem with charcoal. Artifacts form in the flavor volatiles when the

charcoal trap is thermally desorbed (Heath and Reineccius, 1986).
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Other methods of removing organic compounds from the charcoal

adsorbent trap without introducing major artifacts have been successful,

however. The flavor volatiles adsorbed in a charcoal trap can be desorbed by
microwave heating without artifacts forming (Heath and Reineccius, 1986)
and also can be eluted by a solvent (Grob, 1973). Although no reports of
investigations were found in the literature in which charcoal had been used

to trap fresh strawberry volatiles, charcoal has been used successfully for
isolation of volatiles from apples (Paillard, 1965; Strackenbrock, 1961) and

apricots (Tang and Jennings, 1967). In preliminary work done in the

laboratories of The University of Tennessee Food Technology and Science
Department, a high recovery of esters adsorbed on a charcoal trap was
obtained when they were eluted with chloroform (Trigiano and Melton,
1989), Esters are very important volatiles in the flavor of strawberries,

giving fresh and fruity notes.

voiatrie Profile of Fresh Strawberries

A summary of the literature on strawberry volatiles was reported by
Pyysalo et al. (1979). Over 60 esters, 30 alcohols and approximately 30
carbonyl compounds identified in strawberry flavor are responsible for the
estery and green notes of strawberry aroma. Although the organoleptic
importance of different types of esters to the overall flavor is not clear

(Dirinck et al,, 1981), the works of Dirinck et al,(1977, 1981), Pyysalo et
al,(1979), Schamp and Dirinck (1982) and Schreier (1980)showed that

esters were, quantitatively and qualitatively, the most important class of
volatiles, Two compounds, 2,5-dimethyl-4-hydroxy 3(2H)-furanone (Sundt,
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1970) and 2,5-d1methy]-4-methoxy-3(2H) furanone (Pyssalo et al., 1979)
have been reported to be the character impact compounds in strawberry
flavor, so far.

Dirinck et al (1981, 1982)showed that the strawberry volatiles obtained
by headspace concentration on Tenax-6C were composed of 37 esters,6
carbonyls, 2-pentanone, n-hexanal, trans-2-hexenal, 2-heptanone, 2,4

hexadienal, benzaldehyde and minor sulfur containing compounds such as
dimethyl disulfide, methylthiol butyrate and methylthiol acetate, The most
abundant volatiles among 12 cultivated strawberry varieties tested in their

studies were methyl butyrate, ethyl butyrate, ethyl acetate, methyl
hexanoate, ethyl hexanoate, hexyl acetate, butyl acetate and isopropyl
acetate. The other volatiles present at low concentration in most of the

cultivated varieties included hexanal, trans-2-hexenal, methyl propionate,
isopropyl butyrate, isoamyl acetate, 2-methyIbutyl acetate, butyl butyrate,
c1s-3-hexenyl acetate and methyl pentanoate.

In contrast the flavor isolates collected from strawberries through
vacuum distillation (Schreier, 1980) were shown to be composed of a wider

range of volatiles than those collected by headspace concentration methods

(Dirinck et al, 1981, 1982), Schreier(1980)studied six strawberry
varieties and identified 42 esters, 6 carbonyls and 19 alcohols which were
not reported in the headspace isolates studied by Dirinck et al.(1981,
1982). The most concentrated volatiles present in most varieties studied

by Schreier(1980) were ethyl butanoate, ethyl hexanoate, trans-2-hexenyl
acetate, nerolidol and l-hexanol. Volatile profile and concentration of
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strawberries, however, depend also on varieties of the fruit and fruit

maturity.

Strawberry varietie;^.

Dlrinck et al.(1981) who utl 1 Ized Tenax-GC In a

headspace adsorbent trap for volatile Isolation Investigated 12 varieties of
strawberries and found that all differed In volatile profile and

concentration. They showed that the Jesco, Sengge Gigana, Souvenir, Bel
Rubi and Sivetta varieties had higher concentrations of butyrates than other
varieties while Confitura and Primella had higher levels of acetates, The
most concentrated volatlles identified In 5 L of headspace from Confitura

strawberries included ethyl acetate (183 pg), ethyl butyrate (35 pg), ethyl
hexanoate (25 pg), methyl butyrate (17 pg), methyl hexanoate (14 pg) and
Isopropyl acetate (9 pg). The most concentrated volatlles Isolated from the

Jesco strawberries were different than those from the Confitura variety. In
the Jesco variety, the most concentrated volatlles were methyl butyrate (96

pg), butyl acetate(9 pg), ethyl butyrate(4 pg) and hexyl acetate (4 pg).
The volatlles, ethyl Isobutyrate and ethyl Isopentanoate, were Identified In
the Confitura variety, but not In the Jesco variety. Conversely, more
compounds, propyl butyrate, Isohexyl acetate and Isopropyl hexanoate, were
detected In Jesco berries than In Confitura berries.

There Is also a big difference In flavor volatlles between cultivated and

wild strawberries. The work reported by Pyysalo et al.(1979)supported the
findings of Drawert et al.(1973) and Staudt et al.(1975) that wild
strawberries contained higher amounts of 2-alkanones and 2-alkanols than
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cultivated strawberries. These compounds were absent or present in only
minor amounts in the cultivated berries.

Maturity of strawberries. It is well known that the concentration and

type of fruit volatiles depend upon the stage of fruit maturity. A study
concerning the volatile changes during strawberry ripening was reported by
Yamashita et al.(1977). They found that aldehydes were converted to
alcohols at an early stage of maturity, but no esters were formed in the

immature berries. However, ester concentration was increased remarkably
during maturation (about 30-40 days after blooming). Their results also

showed that ester formation was positively correlated with the generation

of volatile fatty acids in strawberries and the activity of ester producing
enzymes which increased from 30 to 40 days after blooming. They,
therefore, assumed that the presence of volatile fatty acids and ester
producing enzymes was necessary for the evolution of esters in the berries.
On the other hand, presence of specific aldehydes in berries show that

they are immature. Schamp and Dirinck (1982) indicated that high levels of
n-hexanal and trans-2-hexenal in strawberries show they are immature
since these compounds contribute greatly to the "green" character fruits.

Processed Strawberry VnlatilftQ

Processing such as heating or freezing causes flavor change In
strawberries because of their effect on the volatiles. Dimick and Makower

(1956) reported that heating or freezing whole strawberries altered the
fresh flavor because after freezing the concentration of 2-hexenal
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decreased to a trace. Another study concerning the flavor of autoclaved
strawberry puree (Sloan et a1., 1969)showed that additional volatlles,

dimethyl sulflde, Isobutyraldehyde, furan, 2-furaldehyde, 2-acetyl furan and
ethyl furoate were formed In the cooked product and were not found In the
fresh strawberries.

Dimethyl sulfide has been reported in a number of heated foods by Bills
and Keenan (1968) as cited by Sloan et al.(1969). Acetaldehyde and

Isobutyraldehyde are well known Strecker degradation products of alanlne

and vallne, respectively (Heath and Relneccius, 1986). Hodge (1967)
reported that furan and Its derivatives were products of carbohydrate

caramelIzatlon and dehydration. Browning reactions of ascorbic acid may
also be the source of heat-Induced furan compounds (Sloan et al., 1969). The
presence of such volatile compounds in heated strawberries are the reason

for the difference in flavor compared with fresh strawberries.

Ways to Extend Strawberry Shelf I ife

Strawberries are highly perishable and nave a very limited shelf life.

Strawberries only have 1-5 days of shelf life compared with 7-26 days for

cherries and 8-30 weeks for apples and pears (Wills et al., 1989). During
the past 20 years, many ways to increase the shelf life of strawberries

have been studied Intensively, Including cold temperatures (Harris and
Harvey, 1973), controlled or modified atmospheres (AharonI and Barkal-

Golan, 1987; Browne et al., 1984; Couey and Wells, 1970; Couey et al., 1966;
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El-Kazzaz et al., 1983; Li and Kader, 1989; Weils, 1970, Woodward and

Topping, 1972), chemical treatment such as sodium chloride (Wells, 1970)
and calcium dip on strawberries (Morris et al., 1985) and thermal treatment

(Wells, 1970). The most economical way to store strawberries has been
under modified atmospheres and might be achieved by chemical treatments.

Cold Storage

Effect on ripening and decav. Storage of strawberries at low

temperatures Increases the shelf life and decreases loss due to decay. Low

temperature is the most effective way to retard the ripening of fruit. As
temperature decreases, the ripening rate of fruits declines (Kader, 1980;
Wills et al., 1989). Cold storage also reduces the rate of decay in
strav/berries since ripe fruits are more susceptible to microbial infection.

In addition, the cold temperature retards the growth of the decay
microorganisms (Kader, 1980).

Harris and Harvey (1973) found that only 1 1.4% of strawberries decayed

after 3-5 days storage at 5°C. However, after storage for 3 days at 5'C
followed by one day storage at 15.6*C, 35.4% of the berries decayed, and if
the berries were stored an additional day at 15.7'C, 64.4% of the berries
decayed. Aharoni and Barkai-Golan (1987) reported similar results. There

latter researchers found that 4% of strawberries decayed after 10 days
storage at 2'C, but it only took 2 additional days storage at 20'C for
another 4% to rot.
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Although low temperatures retard fruit ripening and decay in fruit,
temperatures below -2"^ cause abnormal metabolism in most fruits because

of the inhibition of enzymes inside the fresh fruit. Temperatures below -

2*C also cause cold damage and a more rapid deterioration of the product
(Wills et al., 1989), The ability of fruits to tolerate cold temperatures
depends upon the type of fruit. The recommended temperature for cold
storage of strawberries is 1-2'C (Geeson and Browne, 1982; Lutz and
Hardenburg, 1968; Robinson et al., 1975). In contrast, the recommended
storage temperature for bananas is 12-15'C (Kader, 1980).

Although storage at 1-2°C slows down deterioration and development of
microorganisms in strawberries, a residual effect is found when the berries
are moved to the retail shelf at room temperature. Strawberries moved

from cold storage to the retail shelf ripen more rapidly and have more
microbial growth than strawberries never stored at cold temperature

(Aharoni and Barkai-Golan, 1987; Browne et al., 1984; Couey et al., 1966;

Harris and Harvey, 1973). This is a disadvantage in cold storage of
strawberries.

Effect on flavor. Generally, cold storage reduces flavor acceptability due
to bland flavor or development of off-flavor. Gormley et al.(1988)showed
that the flavor of freshly harvested strawberries was superior to that of

the fruit that had been stored at 2'C for 2 weeks, and the storage effect
was profounded as the storage time was prolonged. The results reported by
El-Kazzaz et al.(1983) were in agreement with the finding of Gormley et al.
(1988).
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The bland flavor found in cold stored strawberries might be because
temperatures less than 5'C inhibit the development of characteristic flavor

(Heath and Reineccius, 1986). This explanation was also given as the reason
why commercially cultivated varieties tasted watery and tasteless by Heath
and Reineccius (i 986). In recent years, there has been a trend to pick

strawberries prior to ripening and to control their ripening during
distribution and storage by cold temperatures and/or with modified
packaging atmospheres. The effect of these practices on the flavor and

volatiles of strawberries has not been fully investigated.
However, storage of strawberries at warm temperatures also cause

deterioration of fresh f lavor more rapidly than storage at cold

temperatures. Abnormal flavor due to fermentation products develop and
the evolution of characteristic flavor volatiles decrease (Heath and

Reineccius, 1986). Compared with the flavor of fresh strawberries, the

f lavor was less desirable for berries stored at 2KG for 4 days or those held
at 4°C for 4 days plus 2 days at 21'C. Flavor scores for the berries kept at

lower temperatures(4 days at 4'C) or those kept at higher temperatures for
shorter periods(2rc for 2 days) were equivalent to those of fresh
strawberries (Morris et al., 1985). These results reflect the combined

effects of temperature and storage time on perceived strawberry flavor.

The resistance of strawberries to extreme temperature conditions during
storage also depends on the strawberry variety. Morris et al.(1985)showed
the effect of different storage temperatures and times on the color, flavor
and texture of Cardinal and Sunrise varieties. They found that Cardinal

berries stored for 4 days at 4'C or 2 days at 2rc were sill commercially
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acceptable, Sunrise berries stored for 4 days at 4''C, however, were not

acceptable because of unacceptable flavor and high mold count.

Modified Atmnsnhprfig.

The gases that surrounds fruit (atmosphere) during storage have been
modified in an effort to increase shelf life. Compared to air, this modified

atmosphere(MA) usually contains low levels of oxygen (<5%) and elevated
carbon dioxide concentrations (up to 30%),

In the absence of adequate refrigeration, storage of strawberries in
modified atmospheres(MA) containing reduced oxygen levels and/or
elevated carbon dioxide concentrations can extend the shelf life of

strawberries to 5-7 days (Kader, 1980; Woodward and Topping, 1972), The
average shelf life for berries stored in air without refrigeration is 2-3
days. For the past twenty-five years, MA storage has been used
successfully to reduce the rates of respiration in fruits (Li and Kader, 1989;

Sinphanich, 1980; Tomalin and Robinson, 1971; Woodward and Topping,
1972), MA storage of fruits also depresses postharvest decay (Couey et al,,
1966; Couey and Wells, 1970; El-Kazzaz et al,, 1983; Harvey, 1982; Prasad
and Stadelbacher, 1974; Sommer et al,, 1973; Wells, 1970; Woodward and

Topping, 1972), decreases the rate of ethylene production (El-Kazzaz et al,,

1983; Li and Kader, 1989; Siriphanich, 1980), and retards softening (ElKazzaz et al,, 1983; Harris and Harvey, 1973), Compared with cold storage,
MA storage of strawberries results in lower percentages of decayed
strawberries after they are placed on the retail shelf (Harris and Harvey,
1973; Li and Kader, 1989),
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Effect on ripening process fiA with low levels of oxygen and/or elevated
concentrations of carbon dioxide retard and even prevent the ripening
process in stored strawberries. The respiration rate of the berries is

reduced and fewer berries soften during storage in such MA.
Li and Kader (1989) reported that strawberries held in atmospheres
containing 0, 0,5, 1,0 or 2,0% oxygen had lower respiration rates than those
stored in air and that the 0,5% oxygen level was the most effective. No
difference, however, was found in the reduction of the respiration rate

between atmospheres containing 1,0 and 2,0% oxygen. Similar results were
reported by Woodward and Topping (1972),

Li and Kader (1989) also investigated the effect of carbon dioxide
enriched atmospheres oh the respiration rate. These researchers found that

the respiration rate was reduced more by MA containing 15-20% carbon
dioxide than the MA containing 10%, Although higher levels of carbon

dioxide might be even more effective at reduction in respiration in fruits,
levels higher than 30% cannot be used due to the development of off-flavor

from fermentation (Couey and Wells, 1970; Harris and Harvey, 1973),
Carbon dioxide enriched atmospheres also reduce the percentage of soft and
overripe berries during storage, Harris and Harvey (1973)showed that after
5 days storage in MA at 5'C, an average of 1 1% of the strawberries were

soft and overripe compared with 27% of berries stored in air for 5 days at
the same temperature,

Li and Kader(1989)further investigated the effect of MA containing low
levels of oxygen combined with high concentration of carbon dioxide on the
espiration rate of strawberries. They found that all MA with reduced
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oxygen and increased carbon dioxide levels significantly lowered the
respiration when compared with air, but the liA containing 0.5% oxygen and
20% carbon dioxide was the most effective,

Li and Kader(1989)reported that low levels of oxygen were
approximately 10% more effective than elevated carbon dioxide levels in

lower respiration rates, and that the combination of reduced oxygen and
elevated carbon dioxide concentrations was no more effective than reduced

oxygen alone. They also found that although the respiration rates of

strawberries stored in any of their MA increased when transferred to air,
the rates were still lower than those of strawberries continuously exposed
to air.

Ethvlene productinn Li and Kader(1989) also determined the effect of

MA with decreased oxygen levels (0.0. 0.5, 1.0 and 2,0%), MA with elevated
carbon dioxide levels (10, 15 and 20%) and MA with combined decreased

oxygen and elevated carbon dioxide (2.0% O2 and 10% CO2; 1.0% O2 and 15%

CO2; 0.5% O2 and 20% CO2)on ethylene production by stored strawberries.
Any MA decreased the production of ethylene when compared to air. The

most effective MA in reducing ethylene production were those containing
the combinations of reduced oxygen and elevated carbon dioxide levels.

Storage in any of the MAs also had residual effects on ethylene production
when the berries were transferred to air; the production rate was always
lower that that for berries that had been stored In air all of the time.

Postharvest decav. The effect of low oxygen levels in the MA of stored
strawberries on postharvest decay also has been determined. Microbes are
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not able to utilize oxygen at low concentrations in the atmosphere (Li and
Kader, 1989). Couey et al.(1966)found that berries stored in a MA

containing 0.5% oxygen for 5 days at 3'C followed by two additional days at
15°C had only 4% decay. In contrast to these results, berries stored under

the same conditions, but in air, had 10.3% decay.
In their study, Couey et al.(1966)found no difference between MA

containing 0.25 and 0.5% oxygen in preventing strawberry decay. In a
follow-up study, Couey and Wells(1970)showed that oxygen levels up to
1.0% could retard decay equally well as lower levels,

The most effective levels of carbon dioxide in MA for controlling decay
in strawberries is dependent upon the storage temperature and time. ElKazzaz et al.(1983)found that the most effective concentration of carbon

dioxide for controlling decay without off-flavor production in strawberries

stored at 0.5-3.3"C was 15%. They were able to store strawberries under

these conditions for 21 days without significant loss due to decay or offflavor development. Higher levels of carbon dioxide are required to control

decay when the storage temperature is greater. Harris and Harvey (1973)

reported that the best carbon dioxide level for controlling decay in
strawberries stored at 5'C for 3-5 days followed by 1-2 days at 15.7'C was
20-30%.

Flavor. The problem associated with the MA storage of strawberries has
been found to be time limitation due to loss of flavor (Gonzalez, 1973;
Shaw, 1969; Woodward and Topping, 1972) and/or the development of off-

flavor (Browne et al., 1984, El-Kazzaz et al., 1983; Woodward and Topping,
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1972), Woodward and Topping (1972)referred to "off-flavor" as an unnatural

flavor due to compounds not normally present in sufficient quantity to be
tasted, and "loss of flavor" as the absence of compounds, probably volatiles,
which are responsible for the flavor and odor of strawberries.

The shelf life of strawberries stored in air at temperatures below 4"C

has been found to be 5 to 10 days (Aharoni and Barkai-Oolan, 1987). Storage
of strawberries at the same temperature in a MA containing lower levels of
oxygen or higher levels of carbon dioxide than air increases this shelf life.

The lower levels of oxygen and higher levels of carbon dioxide have limits

because of their effect on off-flavor development. The critical oxygen and
carbon dioxide levels leading to rapid development of off-flavor differs

among the various reported studies. Woodward and Topping (1972)found

that loss of flavor limited the shelf life after 15-20 days among
strawberries stored under MA containing from 1 -5?? oxygen or 5-20% carbon
dioxide. Harris and Harvey (1973) reported that off-flavor developed after
4-7 days storage when the strawberries were stored under 30% or less of

carbon dioxide at 5'C for 3-5 days followed by 1-2 days storage at 15.6'C.

In general, storage of strawberries in MA containing oxygen below 0.25%
(Coueyetal., 1966) or 1.0% (Woodward and Topping, 1972) and carbon
dioxide up to 15% (El-Kazzaz et al., 1983), 20%(Woodward and Topping,

1972) or higher (Couey and Wells, 1970; Harris and Harvey, 1973) causes
off-flavor to develop quickly. The off-flavor development is characterized
also by high levels of alcohol formed in the fruit tissues. Differences

reported in the critical level of carbon dioxide causing rapid off-flavor
development may be due to the differences in the resistance of the

30

strawberries to high levels of carbon dioxide, Browne et al.(198^)
explained that the difference in the resistance to carbon dioxide was due to

different methods of cultivation or ripeness stage of the berry at the time
of determination.

Also, the resistance of strawberries to high carbon dioxide levels and

off-flavor development is dependent on the storage temperature. Woodward
and Topping (1972)showed that under \0% carbon dioxide, high levels of
alcohol in strawberry tissue occurred after 10 days storage at 0*C, 20 days
at l.y'C and 30 days at 3''C.

Although loss of flavor or development of objectionable odor limits shelf

life of strawberries under MA, the concentration and type of volatiles

responsible for these flavor changes have not been investigated extensively.
Only one report of a study was found in which the volatiles of MA stored

strawberries had been investigated, Shaw (1969) reported that the

accumulation of acetaldehyde, acetone, ethanol, ethyl acetate and methyl
acetate was considered to be responsible for loss of characteristic flavor
and development of off-flavor In MA stored strawberries.

In addition to retarding flavor deterioration In strawberries, MA with
favorable oxygen and/or carbon dioxide levels also can enhance the flavor.
Topping and Cockburn (1978)reported that 17-18^ or 20% carbon dioxide

improved strawberry flavor during 6-8 days storage. There are, also, other

ways of obtaining a MA than by directly replacing the air with gases In the
package headspace.
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Film Packaging and Modified Atmosphere

Packaging film can prolong fruit shelf life if it can produce a carbon
dioxide enriched atmosphere in the environment of the fruit (Barkai-Golan

and Aharoni, 1983; Harvey et al., 1980), There are two types of packaging
films commonly used in strawberry handling and storage, polyethylene and
polyvinyl chloride (PVC). Both films have low permeability to carbon
dioxide and water vapor.

Polyethylene wrap has been used successfully to decrease postharvest

loss during strawberry handling and storage (Barkai-Golan and Aharoni,

1983; Harvey et a!., 1980). Browne et al.(1984) investigated the effect of
wrapping pallets of strawberries in polyethylene film on carbon dioxide

level in the atmosphere of the berries, mold growth and shelf life. The

conditions of the experiment simulated commercial handling and storage of
the strawberries. They found Inconsistent results of storing polyethylene
wrapped strawberry packages for 6 days at 2°C on retardation of mold

growth and subsequent shelf-life. These investigators indicated the

inconsistent effect on retardation of mold growth might be due to the levels
of carbon dioxide within the packages. The carbon dioxide levels within
their polyethylene wrapped packages ranged from 3 to 10%. These levels of

carbon dioxide are not high enough to retard mold growth consistently
according to Browne et al. (1984). Wells and Uota (1970) also found that a

concentration of 10% carbon dioxide in the atmosphere had only a slight
effect on spore germination and growth of Botrytis cinerea, one of the

primary molds causing decay of strawberries during postharvest storage.
In contrast to the results of Browne et al.(1984), Aharoni and Barkai-Golan
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(1987)reported that wrappiftg strawberries in PVC film was successful in

controlling grey mold during storage. They indicated that the prevention of
the mold growth was indirectly due to a 10% level of carbon dioxide in the

atmosphere formed inside the PVC packages. They assumed that the primary
effect of 10% carbon dioxide was to delay the senescence process of the
strawberries rather than directly inhibit mold growth.
Storing strawberries wrapped in packaging film also has had a desirable
effect on strawberry flavor. Browne et al.(1984)found that the flavor of

strawberries stored in polyethylene wrapped packages for 6 days at 2'C
followed by a one day storage in air at 5°C was superior to the flavor of

berries stored in air under the same conditions. These investigators
explained that this result was at least partially due to the retention of

str awberry flavor volatiles by the packaging film. They also reported the

level of carbon dioxide inside the PVC packages during storage ranged from
3 to 5%.

Calcium infusion

Cold storage is the most common way to prolong storage life of fruits in

the developed countries of the world. However, in most developing
countries, little or no refrigeration is available during fruit storage and
shipping to markets. During the last few years, many postharvest
treatments other than cooling to increase the shelf life of fruits have been
intensively studied. One such treatment is the addition of calcium to fruits.

Addition of calcium to apples after harvest has proved beneficial during
posthar\'est storage. Infusion of calcium into apples maintains firmness
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(Drake and Spayd, 1983; Poovaiah et a1,, 1978; Poovalah, 1986; Poovatah and
Shekhar, 1978), prevents change in titratable acidity (Drake and Spayd,
1983), delays senescence (Betts and Bramlage, 1977) and retards the
development of postharvest decay (Conway and Sams, 1984), Because of the

delay of senescence, calcium infusion of apples prior to storage also
reduces carbon dioxide and ethylene evolution (Poovaiah, 1986),
The mechanisms by which calcium achieve these results have been

studied by different investigators. Calcium maintains firmness in the cell

structure by interacting with the pectic acid to form calcium pectate in the

middle lamellae region of the cells (Clarkson and Hanson, 1980; Grant et al,,
1973; Poovaiah, 1986), Infusion of the calcium into the apple also may
prevent the pectic enzymes from destroying the pectin, a structural

component of the cell wall (Faust, 1974), Calcium delays fruit senescence
by decreasing the microviscosity of membranes associated with senescence
(Poovaiah, 1986),

Probably the most important function of calcium addition to apples Is to

depress postharvest decay indirectly by retarding the softening of the apple
during storage, Conway and Sams(1984)showed that calcium could

stabilize and strengthen fruit cell walls resulting in increased apple

firmness. This firmness increases with the increasing calcium
concentration in the apple,

Conway and Sams(1984) also showed that among apples with similar
firmness, storage at O'C under MA containing 1 % oxygen reduced the area of
decay by 15%, However, treatment of the apples with 4,6 or 8% calcium

chloride prior to storage under the same conditions reduced decay over 50%.
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reported that calcium-induced reduction in decay was possibly due to the
effect of calcium on cell wall structure and its resistance to microbial
infection.

There are two types of calcium treatments commonly applied to fruits

prior to storage, calcium dipping and calcium pressure infiltration. Both
have been used successfully to control postharvest decay (Drake and Spayd,
1983; Morris et al., 1985; Poovaiah et al., 1978; Poovaiah and Moulton, 1982;
Scott and Wills, 1975). Neither calcium treatment affects the color or the

levels of soluble solids and titratable acidity of the fruit (Drake and
Fridlund, 1986). However, compared with calcium dipping, calcium infusion

by pressure increased fruit firmness and resulted in better storage quality
in a study reported by Drake and Fridlund (1986).
Only one study has been reported in which calcium has been added to
strawberries. Morris et al.(1985) studied the calcium treatment as a

means of enhancing processing quality of strawberries rather than
improving strawberry storage quality. However, they suggested that
strawberry deterioration might be retarded by calcium because dipping
strawberries in 0.5% calcium lactate for just 1 min resulted in increased
berry firmness even after storage for 4 days at 4*C plus 2 additional days at

21"C. Dipping strawberries in the calcium solution, however, had no effect
on the Howard mold count in the berries.

Morris et al.(1985) also evaluated the effect of calcium treatment on

the sensory characteristics of strawberries. They found that strawberries
dipped in 0,5% calcium lactate had the same flavor score as the untreated
berries. However, the calcium dip did enhance the overall acceptability of
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the berries by Improving their texture and wholeness. No other reports
were found of studies In which the effect of postharvest calcium treatment

on the sensory characteristics of strawberries had been Investigated.
The effect of calcium treatment on the flavor volatlles of strawberries

apparently has not been Investigated either, Only one report of a study was
found In which the effect of calcium treatment on flavor volatlles In a food

product had been Investigated. Geduspan and Peng (1986) reported that 6%
calcium treatment of chilled, stored cucumbers resulted In two new
volatlles, trans-2-c1s 6-nonad1enal and trans-2-nonenal and Increased the

concentrations of hexanal, trans-2-hexenal and 2-pentylfuran.
Studies are needed to see If calcium treatment can prolong shelf life and
maintain storage quality In strawberries as has been found In apples.

Combined with these studies, additional Investigation to determine the
effect of calcium treatment of strawberry flavor acceptability and
volatlles also would be desirable.
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CHAPTER I I I

MATERIALS AND METHODS

Experimenta] Materials

Strawberries, Cardinal variety, were harvested during the morhing at a

growing location near Knoxville, TN, in early June 1989. Food-grade calcium
lactate was purchased from a local drug store in Knoxville. Two packaging

films, a gas permeable film with limited moisture transmission (an
experimental film) and a moisture barrier film with low permeability to

oxygen and carbon dioxide (polyvinylchloride), and styrofoam containers
were supplied by Cryovac (Duncan, South Carolina). Chemicals, equipment
and instruments used for analyses are given with each respective procedure.

Fxnerimental Procedures

Experimental Design

Enough berries were harvested to complete the entire experiment at one
time. They were graded, cooled to room temperature (25*C) and packaged
the same day they were harvested.
One-half of the berries with similar size, maturity and quality was
treated in 0.5% calcium lactate solution under 5 psi pressure for 4 min
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(calcium treated) and the other half of the berries was not treated, All

treated and untreated berries were divided into 200-g samples, and each
sample was placed in a styrofoam tray (0.473 dry liter) of known weight.
One-half of the treated berry trays and one-half of the untreated berry trays
were overwrapped with the gas permeable film which was heat sealed
around each styrofoam tray. The remaining trays of treated and untreated
berries were overwrapped in the barrier film which also was heat sealed

around the tray. For each of the treated and untreated berry-film

combinations, 3 packages (overwrapped trays) were randomly assigned to 0,
4, 8, 12, 16 or 20 days storage at 2"C, or 0, 4 or 8 days storage at 25'C. For
sensory and flavor volatile analyses, an additional 8 packages from each of
the treated and untreated berry-film combinations were randomly assigned
to the storage time of 0 or 8 days at 2 and 25'C, respectively.
The packages assigned to storage at 2*C were placed in one of 3 small

refrigerators (0.85 m^, Emerson Radio Corp.) according to a statistical
design to block out the effect of refrigerator in the statistical analyses, if
necessary (Sanders, 1989). Two complete replications were completed for

each calcium treatment x film x storage time combination at the 25'C
storage temperature for the postharvest respiration and loss variables and
chemical variables. Limited space in the refrigerators, however, allowed for
only one full replication and a partial second replication for each calcium

treatment x film x storage time combination at the 2*C storage temperature
for these same variables. The storage temperature x calcium treatment x

film X replication x storage time combinations (blocks) in the experiment
are shown in Table 1.
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Table 1. Experimental blocks

Temper- Calture3

cium^ FilmC

RepCl

Davs of storage
0

4

8

25

1

1

1

xe

X

X

25

1

1

2

X

X

X

25

1

25
25

1

2
2
1
1

1

X

X

X

2

X

X

X
X

X

X
X

X

X

X

X
X

X

X

X
X

2
2
2
2

2
2

1
2
1
2

2

1

1

1

X

25
25

25

2

1

1

2

X

X
-f

2

1

2

1

X

X

2

1

2

2

X

2
2

2
2

1

1

1

2

X
X

X
X
X

-

2

2

2

1

X

X

X

2

2

2

2

X

•

X

X
X
-

X

3|n oc storage,
•^1 = calcium treatment; 2 = no calcium treatment.
C| = barrier film; 2 = permeable film.

^Replication.
®These blocks (n=62) were run In the experiment.

^These blocks(n=10) were not run in the experiment.

12

16

20

X

X

X

-

X

X

X

X
X

X

-

-

X
X
X

X

X

-

-

X

X
X

X
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For sensory and flavor analyses, two complete replications were run at

25*C For sensory and flavor analyses of strawberries stored at 2'C, a full
replication and a partial replication were run for each calcium treatment x

film X storage time combination. At 2*C, two combinations were omitted
from the second replication, and these are given in blocks at 2*C
temperature and 8-days storage not run as shown in Table 1.

Postharvest Respiration Analvses

For each block (Table 1), 2 packages of strawberries were used for oxygen
and carbon dioxide analyses and 1 package was used for ethylene analysis.
For sampling of the gases, a strip of plastic electrical tape was placed onto
the packaging film surface and a second strip was attached to the top of the

first strip at a right angle. For oxygen and carbon dioxide determination, 5
mL of the headspace gases were removed from each package by insertion of
a 10 gauge needle through the fixed plastic tapes and withdrawal into a 10
mL disposable plastic syringe. Immediately after withdrawal, the needle of
the syringe was stuck into a rubber stopper to prevent loss of headspace
gases. Three mi Hi liters of the headspace gases were removed from the

third package in the same manner for ethylene analysis except a 5-mL

syringe was used instead of the 10-mL syringe.
Oxygen and carbon dioxide were analyzed on a 1.8-m, 0.625-mm i.d.
stainless steel CTRl column (Alltech Associates, Deerfield, ID attached to

a Hewlett Packard Model 5890 A 6as Chromatograph equipped with a thermal
conductivity detector(TCD) and a 1-mL gas injection valve that was

flushed witti 5 mL of the package headspace gases prior to Injection. The
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analyses was done at a helium carrier gas flow rate of 50 ml/min at a

column temperature of 70*C and a TCD temperature of 90*C. The ethylene
was determined on a 1.8-m x 0,312-mm l.d. stainless steel deactivated

alumina column attached to a Shimadzu Model 8AM 6as Chromatograph
equipped with a flame lonizatlon detector (FID) at a column temperature of

70°C using nitrogen as the carrier gas at a flow rate rapid enough for
ethylene to have a retention time of approximately 2.5 min. The FID

temperature was 70'C. The concentrations of oxygen and carbon dioxide
were determined In percentage volume of package headspace gases, and the
ethylene level was determined In ppm of headspace gases,

Postharvest Loss Analvses

After headspace gas samples were obtained for each block shown In

Table 1, each package of berries was opened and the tray smelled by the
researcher of this experiment for the presence of ethanol aroma (off-

flavor), The berries were also observed for noticeable mold growth. If only
one berry in the package was moldy, then the entire package was designated
as having mold growth. The percentages of the three packages with offflavor and mold growth were then determined for each block run In the
experiment,

After determination of off-flavor and mold growth In each package, the
weights of the berries and liquid drip from the berries In each package were

obtained. The weight of berries with a mushy texture or mold growth In
each package was determined and that weight multiplied by 100 and divided
by the weight of all the fresh berries In the package was expressed as the
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percentage of unacceptable berries in the package (unacept). The weight of
the liquid drip multiplied by 100 and divided by the weight of the berries
packaged fresh was expressed as the percentage liquid drip (liquid) in the

package. The percentage weight loss was determined by the following
equation,

% Loss =(Wt. fresh berries-Wt stored berrip<^) j qq
(Wt. fresh berries)

for each package. The average percentages of unacept, liquid, and loss
across 3 packages for each block (Table 1) were determined.

After determination of the weights, all of the berries and the drip from
the three packages of each experimental block were combined and blended
in a Osterizer Blender In a 1.1 -L glass jar at puree speed for 1 -2 min. The

pureed strawberries in 600-g portions were placed in polyethylene freezer
bags, frozen at -38*C and stored at -18*C until analyzed for tltratable
acidity and calcium content.

Chemical

For tltratable acidity, a sample of 15-20 g of the strawberries from

each experimental block, was thawed and filtered through Whatman No. 1
filter paper. Two mllllliters of the filtered Juice was diluted with 20 mL of
delonized water and titrated with 0.1 N NaOH using phenophthalein as the

indicator. This was done in triplicate. The average tltratable acidity was
determined in mg of citric acid equivalents per 100 ml juice for each block.
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For calcium analysts In each block (Table 1), a sample (40-50 g) of
strawberries plus drip was wrapped In cheesecloth and freeze-drled at -

40 C under 0.5 mm Hg pressure for 2 days. The percentage moisture In the
freeze-drled sample was determined from the weight lost by the freezedrled sample during drying at VOX for 16 hr In a vacuum oven. Two

samples of approximately 0.5000 g of the freeze-drled berries from each
block were ashed at 500''C for 16 hr In an Isotemp Muffle Furnace Model
186A, and the residue from each sample dissolved In 5 ml of 2 N HCl. Each
sample was then diluted with 10 ml of delontzed water and 1 ml of 1%

lanthanum calcum to prevent Interference from other minerals with Ca
determination by atomic absorption. One mllllllter of this latter solution

from each sample was diluted with 10 ml of delonlzed water before being
analyzed. The absorbance of Ca In each sample dilute solution was

determined at 422.7 nm on a Perkin Elmer 5000 Atomic Absorption
Spectrophotometer. Standard solutions of 5 and 10 ppm Ca In 2 N nitric
acid were prepared from a certified atomic absorption standard calcium
carbonate (Fisher Scientific Co., Atlanta, 6A). These standard Ca solutions

were used to calibrate the spectrophotometer to read-out In ppm Ca
concentration. The calcium concentration In the diluted solution of each

sample was calculated In mg/g freeze-drled strawberries by the following
equation,

Ca (mg/g)= —(XX160)
(1000)(Y)
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where X = ppm Ca determined at 422,7 nm in the dilute solution of each

sample and Y = weight in g of freeze-dried sample. The method of analysis
was provided by Sams (1989). The average Ca concentration was determined

for each block and converted to mg Ca/100 g fresh berries by using the
percentage moisture determined in the freeze dried sample and assuming
the percentage moisture in fresh berries was 88.9(Pearson, 1977).

Sensorv Evaluation

On 0 and 8 days of storage, for each temperature x calcium treatment x
film X replication combination (block), 8 packages of strawberries were

lemoved. Whole firm berries without mold were removed from 4 packages
and blended in a I. I -L jar on a Osterizer blender for 1 -2 min on puree speed.
All pureed strawberries then were mixed. Portions(600 g) of these
strawberries were placed in polyethylene freezer bags, frozen at -38°C and
stored at -18 C for approximately I year prior to sensory evaluation.
However, strawberries from only 6 experimental blocks were evaluated.
The experimental blocks included calcium treated and untreated
stra\A/berries at 0-day storage and treated and untreated strawberries

stored in the barrier film or the permeable film for 8 days at 2°C. Each
block was designated as a treatment for the sensory evaluation part of this
experiment (Penfield, 1990). Strawberries from all 6 treatments were

evaluated for flavor acceptability at one sitting by a 29-member untrained
panel of students and staff from The University of Tennessee, Knoxville.
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Strawberries from each treatment were thawed for 16 hr at 5-6'C and

divided into 15-g samples. Samples in 28-g capacity white disposable cups
from each treatment were coded with a randomly selected 3-digit number
and served one at a time in a randomized order to each panelist. Panelists

were provided with room temperature Mountain Valley Spring water (Hot
Springs, AR)to rinse their mouths between samples. Panelists evaluated

the flavor on an 8-point hedonic scale where 8 = like extremely, 7 = like
very much,6 = like moderately, 5 - like slightly, 4 - dislike slightly, 3 dislike moderately, 2 = dislike very much and 1 = dislike extremely
(Penfield, 1990),

Flavor Volatile Isolation

The strawberries In the remaining 4 packages from each temperature x

calcium treatment x film x replication block at 0 and 8 days storage not
used for sensory evaluation, were used for flavor volatile analysis. All
berries (including those with mold) in these packages from each block were

blended and stored in the same way as the berries used for sensory
evaluation. These berries were also stored at -18*C for approximately one
year prior to evaluation.

Volatile compounds were isolated from each of the same six treatments

of strawberries that were analyzed by sensory evaluation, For Isolation, a
400-g sample of frozen strawberries was blended with 150 ml of HPLC
grade water that had been heated to 60-70'C and 0.5 ml of methanol

solution containing 1-mg methyl palmltate per ml for5mln Ina l.l-L jar
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Of a Osterlzer blender on grinding speed. The methyl palmltate was the
Internal standard, After blending, the strawberry slurry was poured Into a
1000-mL purge and trap apparatus with a water Jacket and Wheaton
connections (glass and teflon) purchased from Alltech Associates, Inc.
(Deerfleld, ID. The apparatus was placed on a magnetic stirrer, and a
stirring bar was added for stirring the slurry during temperature
equilibration and volatile collection. The lid to the purge and trap apparatus
was closed and water from a 40'C bath was pumped through the water
jacket of the apparatus for 20 min to allow for temperature equilibration of
the strawberry slurry.

A 1,5-g sample of 50/200 mesh coconut charcoal (Alltech Associates,
inc., Deerfleld, ID which had been heated for 16hrat 170°C under vacuum

was packed Into the glass trap (6-mL capacity) for volatlles, and the trap

was attached to the side arm of the trap and purge apparatus. A glass tube

with a fritted end was attached to a second side arm of the trap and purge
apparatus, so that the placement of the fritted end was below the surface
and In the center of the strawberry slurry. The other end of the tube was

attached via a tygon tube to a hydrocarbon trap (Alltech Associates, Inc.,
Deerfleld, ID, a gas flow meter and a nitrogen tank.
After the temperature equilibration period and attachment of the

charcoal trap and nitrogen tube, the stirred strawberry slurry was purged
with nitrogen at a flow rate of 434 mL/m1n for 50 mtn through the charcoal
trap. At the end of the purging period, the charcoal trap was removed and

the volatlles eluted with 10 ml of methylene chloride within 4-5 mIn. One

mliniiter of a methylene chloride solution containing 1% pyrogallol to
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prevent oxidation of the flavor volatiles was added to the extract. The
volatile extract was cooled to O'C and concentrated to 0,5 mL under vacuum

with a low flow of nitrogen passing over the extract and the methylene
chloride condensed in a liquid nitrogen trap, This procedure for
concentration was reported by MacLeod and Cave (1975),

Blank samples were run to determine any artifacts that were
introduced by the isolation method. For the blank sample, volatiles were

collected in the same manner as with the strawberry sample except 550 ml
of HPLC grade water was used instead of the strawberry slurry,
volati le identificarinn and QijanTiTarinn

volati les for eacn of the 6 treatments of strawpernes were analyzed on
a Snimadzu Model 9AM gas chromatograph(GO on a 30 m by 0,25-mm i.o
fused silica SPB-5 capillary column (Supeico, Inc, Bellefonte, PA), The
carrier gas was neiium at a flow rate of approximately 2.5 mi/min, and

split less injection with a hold time of 2,5 min before septum purge was
used for sample injection The injector temperature was 250°C and the

temperature program snown in Table 2 was used for each analysis.
Two analyses of each sample were run on the same column, one when the
column was directly interfaced with a Snimadzu OP-1000 mass
spectrometer (GC-MS), and another when it was interfaced with a flame

lonization detector (FID) attached to a Shidmadzu CR601 Chromatopac Data
Processor. The chromatograms from the mass spectrometer were used for
identification, and the FID chromatograms for quantitation,
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Table 2. Temperature program for the analysis of volatlles by gas
chromatography using a flame ionization detector or a mass spectrometer
as a detector

6C parameter

Setting

Injector temperature

250*C

Detector temperature

250'C

Column initial temperature

-lO'C

Column initial hold time

2.5 min

First temperature increase rate

S'C/min

First hold temperature

lO'C

First hold time

5 min

Second temperature increase rate

2''C/min

Second hold temperature

SO'C

Second hold time

0 min

Third temperature increase rate

S'C/min

Final hold temperature
Final hold time

220*C
20 min
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A computerized library search of a private file of mass spectra was

utilized In the Identification of the compounds responsible for each peak In
the GC-MS chromatogram. Tentative Identification of a compound was made
when Its mass spectrum matched the library mass spectrum of a compound

at a similarity Index (SI) of 65. Positive Identification was made by
matching the retention time of the sample peak from the GC-MS

chromatogram and the GC-FID chromatogram and Its mass spectrum with the
retention times and mass spectrum of a known compound analyzed under
exactly the same conditions.

The retention times of n-alkanes containing from 5 to 1 1 carbons was

determined under exactly the same conditions used for GC analyses of the
flavor volatlles. The Kovat's Index, a relative retention time, of each
volatile was calculated by
lOOdogTx -logTn)
'x= —
(logTn+i -logTH)

+ lOOn

where Ix = Kovat's Index, Tx = retention time In min for volatile, Tn =
retention time In min of alkane with n carbons and Tn+i = retention time In
mm of alkane with n + l carbons. The Tx must be between Tn and Tn+1.

The concentration of each volatile was determined In mg equivalents of
methyl palmltate per 400 g of strawberries using the peak areas from the
GC-FID chromatogram. The relative response factor of the volatile to
methyl palmltate was assumed to be 1.00, and the concentration of each

volatile was calculated by the following equation:
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ry = (AxKO 5 rog methvl nalmifatP^
(As)(400 g strawberries)

where Cx = concentration of the volatile compound, Ax = peak area of
volatile and As = peak area of methyl palmltate.

Statistical Analyses

The dependent variables, percentages of CO2 and O2 In the headspace
gases, concentration of ethylene In ppm of headspace gases, percentages of
packages with mold and off-flavor, percentages of unacceptable berries,
liquid drip and weight loss, titratable acidity In mg citric acid equivalents
per 100 ml juice and levels of calcium In mg/lOO g fresh berries, were

analyzed as a function of calcium treatment (Cal), film type (Fl), storage
temperature (Temp), storage time (Time) and their Interactions by the
General Linear Models In SAS Institute, Inc.(1985 ), When only one degree
of freedom existed for an Independent variable or Interaction, the P < 0.05

level was used to designate significance, When the Interactions, Cal x Fl,
Cal X Temp, Fl x Temp pr Cal x Fl x Temp, which had only one degree of
freedom were significant for any dependent variable, that variable was
analyzed as a function of Individual Independent variables such that the

Interaction(s) were determined. The Interactions containing time, Cal x

Time, Fl x Time, Temp x time, Cal x Fl x Time, Cal x Temp x Time, Fl x Temp
X Time, or Cal x Fl x Temp x Time, which had more than one degree of
freedom, were determined to be significant at P < 0.10 levels. The most

complex Interaction (2-, 3- or 4-way) containing time that was significant
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for a dependent variable was used to show all significant time interactions

for that variable. For example, if a dependent variable had a significant
Temp X Time and Cal x Temp x Time interaction, the dependent variable was

statistically analyzed as a function of Time for each Cal-Temp combination,
not as a function of Time for each Temp,

Significant differences between calcium treatments, film types and
temperatures were apparent since n = 2 for each independent variable.

Orthogonal polynomials were used to separate Time effects into linear,
quadratic, cubic, quartic and pentic effects for 2'C storage and into linear
and quadratic effects for 25*C storage. The means of the dependent

variables were presented in tables with the significant effects given.
The flavor acceptability scores from sensory evaluation were analyzed
statistically as a function of treatment (n=6) and panelists (n=29), and the
interaction of panelists x treatment was used as the error term for

treatment (Penfield, 1990). Significantly different means among the treat
ments were identified by orthogonal contrasts shown in Table 3. In

addition, the flavor acceptability scores of the berries were averaged
across panelists for each treatment, and the number of panelists who liked
the flavor of strawberries from each treatment was determined,

Since only 6 strawberry samples were analyzed for flavor volatiles,

there were not enough samples to analyze the results statistically. The
mean concentrations and standard deviations were determined for each

calcium treatment and storage time. The concentration of each volatile and

of total volatiles also were correlated with the flavor acceptability scores
and significant (P < 0.05) correlation coefficients determined.
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Table 3. Orthogonal contrasts for partitioning of treatment sums of
squares from analysis of the flavor acceptability scores of strawberrie
Contrast

i

2

3

4

5

6

1

1

C1

-1

-1

-1

1

C2

2

-1

-1

2

-|

-]

C3

0

-]

1

0

-1

1

C4

0

1

-1

0

-]

]

C5

-2

1

1

2

-1

-1

^Treatment 1 was calcium treated strawberries at 0-day storage;
Treatment 2 was calcium treated strawberries stored 8 days in film');

Treatment 3 was calcium treated strawberries stored 8 days in film 2;
Treatment 4 was untreated strawberries at 0-day storage; Treatment 5 was

untreated strawberries stored 8 days in film 1 and Treatment 6 was
untreated strawberries stored 8 days in film 2.
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CHAPTER IV

RESULTS AND DISCUSSION

Fruit Charartpristics After

Postharvfist Resniratinn

The sums of squares from analyses of variance for postharvest

respiration variables, carbon dioxide, oxygen and ethylene, in the headspace

of strawberries as a fuhction of calcium treatment (Cal), packaging film
(Fi), storage temperature (Temp) and storage time (Time) and their

interactions are given in Appendix A, Table A1, The percentage of carbon
dioxide was affected by Temp and Time (P < 0.05) and the interactions. Temp
X Time and Temp x Cal x Fl x Time (P < 0,10), The percentage oxygen was
affected by (P < 0,05) by Temp and Time and the Temp x Time interaction.
The ethylene level was affected (P < 0,05) by Cal and Time and had (P < 0.05)
Temp X Cal, Temp x Fl, Temp x Cal x Time and Temp x Fl x Time interactions.

The means for the percentages of carbon dioxide and oxygen and the
concentration of ethylene are given in Table 4 for Cal, Fl and Temp.

Strawberries treated with calcium had lower levels of ethylene In their
headspace gases than the untreated berries. Strawberries packaged in the
barrier film had a higher average percentage of carbon dioxide than those
packaged in the permeable film, storing strawberries at 25T resulted in
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Table 4 Mean concentrations of postharvest respiration and loss

characteristics and chemical characteristics of untreated and calcium
treated strawberries packaged in permeable or barrier film and stored at 2
or 25Ta

Variable

Calcium treatment.h
Ca

No Ca

(n=3])

(n=31)

Packaging filmC Temperature T

Perm

Barrier

2

25

(n=31) (n=31) (n=38) (n=24)

Carbon
47

Oxygen (%)
Ethylene (ppm)
Loss(% weight)

5.2d
6.8CI
0,05B

dioxide (%)

6,4Ce

3,2F

6.6

3,50®
6,7e

6.76

6,2F

7,9Ed
7,6ECl

0,07A

0,06

0,06

0,07E

0,05F

3.4A

Z6Be

4,4Ce

1.7D

2,5Fe

Liquid (% drip)

3,8E

6,8A

47Be

43De

Unacept^
i% berry wt.)

7,1C

1 ,6F6

12,2E

48.1 A

42,6Be

43.4^

47,2

34,5Fe

62,IE

35.4

43.0

39.8

38,7

38,6

40,3

36,6

40,9

39,8

23,6F

66,7E

Mold (% pack

ages)
Off-flavor

(% packages) 441
Acidity (mg citric
acid eq,/100 ml) 0.94

0,87

248A

2I.6B

Calcium (mg/
100 g sample)

0,90
23,2

0,90
23,3

0,8 IF
21,4F

l ,04E
26,2E

aneans within calcium treatment, packaging film or temperature

followed by unlike letters are significantly different (P <, 05)

•^Ca = strawberries treated with calcium lactate for 4 min under 10 psi;

No Ca = untreated strawberries.

cperm = film permeable to moisture; barrier = film not permeable to
moisture,

^Two samples were lost.
^One sample was lost.

^Unacceptable berries by weight percentage,
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higher average percentages of carbon dioxide and oxygen but lower levels of

ethylene in their headspace than did storage of strawberries at 2*C.
The mean percentages of oxygen are presented in Table 5 for each Temp
and Time, A significant pentic storage effect was found for the relationship
between percentage oxygen and days storage at 2'C (Appendix A, Table A4).

The major change was a decrease from 17.8 to 2.6% oxygen between 0- and
4-days storage, There was a significant quadratic Time effect on the level
of oxygen in strawberries stored at 25°C. Compared with the decrease in %

oxygen during the first 4-days storage at 2'C, a larger decrease from 17.8
to 1.4% was found from 0- to 4-days storage at 25^. If the quadratic Time
curve at 25°C as extended past 8-days storage, it would cross the pentic

Time curve at 2'C, thus causing the significant Temp x Time interaction
found for oxygen,
The percentages of carbon dioxide in the headspace of strawberries for

each Temp, Cal and F1 combination are shown in Table 6 and the separation
of the sums of squares of the percentages of carbon dioxide for each Temp,
Cal, Fl and Time are presented in Appendix A, Table A7, The mean

percentage of carbon dioxide was not affected significantly by Time in
untreated or calcium treated berries packaged in the permeable film and

stored at 2 or 25'C, The level of carbon dioxide also was not affected by

Time in untreated berries packaged in barrier film and stored at 2'C, For
treated berries packaged in barrier film and stored at 2'C, a significant
quartic Time effect was found; the major change was an increase in the

percentage carbon dioxide from 0,08 to 18,5 during the first 4 days of
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Table 5, Mean levels of oxygen, mold, off-flavor, acidity, and calcium in

andTs days^ stored at 2°C for 0, 4, 8, 12, 16 and 20 days or at 25'C for 0,8
Variable

Oxygen(%
headspace)

Temperature,*C 0
2a

(n=8)

25b
Off-flavor(%

17,8

O

packages)

17,8
(n=8)
0,0

(n=8)
25

0,0

(n=8)
Mold (%

2b

packages)
25b

Acidity (mg

2^

citric acid eq,/

100 ml juice)

0,0

(n=8)
0,0

2d

100 g sample)
25b

12

16

2,6

2,8

3,3

3,4

(n=6)
1,4

(n=6) (n=6)

(n=6)

72,7
(n=6)

61 , 1
(n=6)

1 1, 1
38,9
(n=6) (n=6)

77,8
(n=6)

100.0
(n=6)

0,76

0,69
(n=6)

2,1

(n=8)

0,0
(n=6)

16,6
(n=6)

(n=8)
16,7

(n=6)
87,5

0,97

0,82
(n=6)

0,83
(n=6)

16,2

1,05

1,12

(n=8)

(n=8)

21,3

(n=8)

(n=6)

16,2

28,6
(n=8)

(n=8)

0,0

100,0
(n=8)

33,3
(n=8)

0,97

3.2

(n=6)

(n=8)

100,0

20

(n=6)

(n=8)

(n=8)

Calcium (mg/

8

(n=8)
(n=8)
25C

4

0,74
(n=6)

22,0
21,8
(n=6) (n=6)

(n=6)

23,8

(n=6)

33,6
(n=8)

3a significant pentic storage time effect was found (P < 0,05).

significant quadratic storage time effect was found (P < 0,05).

ca significant linear storage time effect was found (P < 0,05).

^A significant cubic storage time effect was found (P < 0.05).

25,0
(n=6)

Table 6. Mean percentagesa of unacceptable berries and carbon dioxide In untreated and calcium
treated strawberries packaged In permeable or barrier film and stored at 2'C from 0 to 20 davs

or at 2*C from 0 to 8 days
Charac

Storage temp-

teristic

erture, X

Calcium
treatment^

fllm^

0

4

8

12

16

20

Unacept(%

berry wt.)a

2

Ca
NoCa

25

Ca
NoCa

Carbon
dioxide(%)

2

Ca
NoCa

25

Ca

PermC

0.0

Barrler^l

0.0

49.2
5.4A

Perm®

0.0

2.0

Barrier®

0.0

2.0A

Perm^
Barrier^
Perm^
Barrier^

0.0

91.6

0.0

96.6

95.8

00

88.3

91.7

0.0

94.9

95.7

Perm

0.08

Barrler<l

0.08

Perm
Barrier
Perm

0.08
0.08

Barrier^
NoCa

O.OA
17.2

Perm

Barrier^

1.3A
18.5
2.9

6.8A
17.7

22.8A

79.3

23.8

87.7A 98.3A

4.7

-

93.1

91.6A

10.4A

90.7

7.7

2.7A

5.7

1.0

2.9A
3.2A
2.3

2.5
1.3

2.9A

1.3A
4.2A
2.8

97.8

91.0

0.08

3.9A
10. 1

6.0A

0.08
0.08

15.9
7.7

9.8A
5.7

008

28.4

2.OA

1.9A
3.5

10.9

apor most means, n'2; however for those means followed by an A, n-l.
t>See Table 4 for explanation.

CA significant pentlc storage time effect was found (P < 0.05).

Ca slglflcant quartlc storage time effect was found (P < 0.05).
®A slglflcant cubic storage time effect was found (P < 0.05).

fA slglflcant quartlc storage time effect was found(P < 0.05).
a\
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storage at 2'C followed by a decrease to 2.90% by 8-days storage (Table 6),
A significant quadratic Time effect was found on the percentage carbon
dioxide in calcium treated and untreated strawberries packaged in the
barrier film and stored at 25''C. The level of carbon dioxide increased

greatly from 0- to 4-days storage in both the treated and untreated berries,
and then decreased from 4- to 8-days storage at 25°C. The increase and the
decrease in these levels, however, were less for the treated berries than for
the untreated berries.

The levels of ethylene in the headspace of the strawberry packages for
each Temp and Cal combination are given in Table 7, At 25°C storage,
untreated berries had a higher level of ethylene than the calcium treated

berries . No difference was found in the level of ethylene between treated
and untreated berries stored at 2'C. The Temp by Cal interaction is caused
by the apparent lower level of ethylene in the untreated berries versus the

treated berries at 2X. This is in direct opposition to the ethylene levels
found in untreated and treated berries stored at 25'C.

The levels of ethylene for each Temp and F1 combination are presented in

Table 8. Berries packaged in permeable film at 25'C had higher levels of
ethylene than those packaged in the barrier film, but the packaging film did
not affect the level of ethylene in berries stored at 2'C. In fact, berries

stored in permeable film at 2'C appeared to have a lower ethylene level than
those stored in the barrier film at the same temperature. This latter result

is in direct contradiction to the results found for ethylene concentration in

berries packaged in the two films and stored at 25'C, resulting in the
significant Temp x F1 interaction found for ethylene (Appendix A, Table AD.
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Table 7. Mean concentrations of ethylene, mean percentages liquid drip and
packages with noticeable mold growth, and average levels of acidity and

calcium in untreated and calcium treated strawberries stored at 2 and 25*C
Variable
Ethylene (ppm)

Temper-

ature,'C
2

Calcium treatment^

Ca

0,08

(n=19)
25

0.0 IBb
(n=12)

Liquid (% drip)

2
25

Mold(% packages)

2
25

Acidity (mg citric

2

acid eq./

100 mljuice)

Calcium (mg/100 g
sample)

25

^See Table 4, p. 53, for explanation.

0.09At>
(n=12)
1.3

(n=19)

(n=19)

147A

9.7B

(n=12)

(n=12)
35.1
(n=19)
55.6A
(n=12)
0.82
(n=19)
0.94B
(n=12)
20.4B

42.1

(n=19)
25,0B
(n=12)
0,80
1.14A

(n=12)
2

0.06

(n=19)

1.8

(n=19)
25

No Ca

22,4A
(n=19)
28,8A
(n=12)

(n=19)
23.6B

(n=12)

•^Means in a row followed by unlike letters are different (P < 0.05).
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Table 8. Mean levels of ethylene and mean percentages of weight loss and
liquid drip of strawberries stored at 2 and 25*0 in packages overwrapped

with permeable or barrier film
Variable

Ethylene (ppm)

Temperature, *C,

2

Perm

0.06

(n=19)
25

Loss(% weight)

0.07Ab
(n=12)

2

3.8A

(n=18)
25

Liquid(% drip)

5,2A

(n=12)
2
25

Barrier

0,08

(n=19)

0,03Bb
(n=12)
1,3B

(n=19)
2.3B
(n=12)
1,6
(n=19)

1,5
(n=18)
8.6B

15,8A

(n=12)

(n=12)

^See Table 4, p. 53, for explanation

< 0 05)^^'^^ ^

followed by unlike letters are significantly different(P
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The concentration of ethylene in the headspace of calcium treated and

untreated strawberries stored at 2 and 25'C for different storage times are
given in Table 9. There were no significant Time effects on the ethylene
level in untreated berries stored at 2*C or in the calcium treated berries

stored at 25'C, In berries treated with calcium and stored at 2"C, there

was a significant quartic Time effect on the ethylene level. Ethylene
concentration increased from 0- to 4-days storage, decreased rapidly from

4- to 8-days storage and then slowly decreased from 8- to 20-days storage.
A significant quadratic Time effect was found on the ethylene level in

untreated strawberries stored at 25'C, with berries stored 4 days having
the greatest concentration of ethylene. The significant Temp x Cal x Time

interaction was a result of the interference of the Time curve for ethylene
content in treated berries stored at 2'C with the Time curve of the

untreated berries stored at the same temperature. The interaction also

could be caused by the interference of the Time curve for ethylene level in
untreated berries stored at 25°C with that of ethylene concentration in
treated berries stored at the same temperature.

The levels of ethylene for each Temp and F1 combination at different

storage times are presented in Table 10. For the berries packaged in the
permeable film and stored at 2*C, a significant quadratic Time effect was

found on the ethylene concentration; the level of ethylene in these berries
increased to a maximum at 16-days storage and then decreased. A

significant quartic time effect was found for the level of ethylene in
berries packaged in the barrier film and stored at 2'C with the highest
ethylene level at 4-days storage. A significant quadratic Time effect
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Table 9. Mean levels of ethylene and mean percentage weight loss (Loss) in

untreated and calcium treated strawberries stored at 2'C from 0 to 20 davs
or at 25*C from 0 to 8 days
^
Storage
Variable

Ethylene

Calcium

tempera- treatture, *C menta 0

Cat>

2

(pprn)

NoCa
25

Ca

No CaC
Loss(%

2

(weight)

Cad

0.00
(n=4)
0.00
(n=4)
0.00

4

8

0.26

(n=4)

0.10
(n=3)
0.08
0.07
(n=3) (n=3)
0.02
0.01
(n=4) (n=4)

0.00

0.25

(n=3)

(n=4)

0.0

3.5

(n=4) (n=3) (n=3)
No Cae
25

CaC

No Ca^'

0.0

1.9

p.

IV,

^

1.8

(n=4) (n=3)

(n=3)

0.0
(n=4)

5.9

6.6

(n=4)

(n=4)

0.0

3.8

6,3
(n=4)

(n=4) (n=4)

16

20

0.08

0.05
0.01
(n=3) (n=3) (n=3)

0.03
0,12
0.04
(n=3) (n=3) (n=3)

0.03

(n=4) (n=4)
1.5

12

2.7

(n=3)

5.8

5.2

(n=3) (n=3)

2.7

2.2
4.3
(n=3) (n=2) (n=3)

lai lCJt I \JI I.

Significant quartic storage time effect was found (P < 0.05).

CA significant quadratic storage time effect was found (P < 0.05).

^A significant pentic storage time effect was found (P < 0.05).

^A significant cubic storage time effect was found (P < 0.05).

fA significant linear storage time effect was found (P < 0.05).
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Table 10. Mean levels of ethylene and mean percentages of weight loss and

liquid drip in strawberries packaged in permeable or barrier film and stored
at ""C
2' from 0 to 20 days or at 25*C from 0 to 8 days
Storage Packtempera- aging
Variable

Ethylene

ture, X
2

filma

Permb

Loss(%

2

weight)

0

0.06
(n=3)

Barrier^

0.00
(n=4)

Perm^

20

0.28
(n=3)

0.07
(n=3)

0.05
(n=3)

0.05
0.05
(n=3) (n=3)

0.00
(n=4)

0.18
(n=4)

0.03
(n=4)

Barrier^

0.00
(n=4)

0.09
0.01
(n=4) (n=4)

Perm^

0.0
(n=4)

2.1

4.3

3.9

7.5

(n=3)

(n=3)

(n=3)

(n=2) (n=3)

1.3
(n=3)

1.9
(n=3)

1.5
(n=3)

2.3
2.1
(n=3) (n=3)

0.0
(n=3)
0.3

3.8

Permb

Perm

Barrier
25

16

0.12
0.01
(n=3) (n=3)

Barrier®
2

0.1 1

12

(n=3)

0.0

(n=4)

Liquid {%
drip)

8

0.06
(n=3)

Barrier®
25

4

0.00
(n=4)

(ppm)

25

Davs of storane

Perm®

Barrier®

0.0
7.0
(n=4) (n=4)

7.4

8.6

(n=4)

0.0
2.7
4.3
(n=4) (n=4) (n-4)
0.0
0,0
2,4
(n=4) (n=3) (n=3)
0.0
0.1
1.9
(n=4) (n=3) (n=3)
0.0
1 1.8
14.1
(n=4) (n=4) (n=4)

(n=3)

39
(n=2) (n=3)
4.1
4.0
(n=3) (n=3)

0.0
16.7
30.7
(n=4) (n=4) (n=4)

3See Table 4, p. 53, for explanation,
significant quadratic storage time effect was found (P < 0.05).
significant quartic storage time effect was found (P < 0.05).

^A significant pentic storage time effect was found (P < 0.05).
^A significant linear storage time effect was found (P < 0.05).
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existed for berries packaged in either film and stored at 25'C, The

maximum levels of ethylene in berries stored at 25'C were at 4-days
storage, At 2'C, the level of ethylene in the strawberries packaged in the
barrier film was greater at 4-days storage than in those packaged in the
permeable film. At 25'C, this was reversed with the berries in the
permeable film having the highest level.

The lower level of carbon dioxide in strawberries stored at 2'C than in

those stored at 25'C (Table 4, p, 53) agrees with results of Kader (1980)
and Wills et al,(1989), These latter researchers reported that lowertemperature storage of strawberries resulted in decreased respiration and
in a lower evolution rate of carbon dioxide.

In contrast to the results of carbon dioxide, the oxygen level should be
higher in the strawberries stored at 2'C than in those stored at 25'C since
more oxygen was used by the berries stored at 25'C for a higher rate of

respiration and greater carbon dioxide evolution. However, the level of
oxygen in strawberries stored at 2'C was less than that in strawberries

stored at 25'C (Table 4), Obviously, other reactions using oxygen are
occurring than production of carbon dioxide.

Generally, the strawberries packaged in the barrier film that was

impermeable to water and had limited permeability to carbon dioxide had
higher levels of carbon dioxide than those packaged in permeable film (Table

4), The barrier film was polyvinylchloride which has been reported by
Aharoni and Barkai-Golan (1987) to accumulate carbon dioxide produced by
respiration of strawberries during storage,
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When averaged across Fl, Temp and Time, there was no evidence that
calcium treatment affected the respiration of the strawberries, the
evolution of carbon dioxide or utilization of oxygen (Table 4, p. 53).
However, compared with carbon dioxide levels in untreated berries stored
in barrier film at 25*C, the levels in calcium treated berries stored under

the same conditions were lower at 4-days storage (Table 6, p. 56). In

contrast, barrier-packaged calcium treated berries had a higher percentage
carbon dioxide after 4-days storage at 2*C than the untreated berries stored
under the same conditions (Table 6), These results indicate that calcium
treatment increased the rate of respiration in strawberries stored at 2°C
but decreased it in berries stored at 25'C.

These results are supported by the ethylene levels produced by untreated
and calcium treated strawberries at the different storage temperatures.
Compared with ethylene levels in untreated strawberries, calcium treated
berries had a higher level of ethylene at 4-days storage at 2'C, but a lower
level of ethylene at 4-days storage at 25'C (Table 9).
No reports were found in which the effect of calcium infusion had been

investigated on the respiration rate of the postharvest strawberries.

Calcium infusion of apples, however, decreases carbon dioxide and ethylene
evolution (Poovaiah, 1986) and increases fruit firmness during storage
(Conway and Sams, 1984; Poovaiah, 1986). Morris et al.(1985)found

dipping of strawberries in 05% calcium lactate solution increased berry
firmness, and thus, it might be expected that calcium infusion of

strawberries would also affect their respiration. It is not clear at this
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moment, however, why there ts a temperature Interaction with the effect of

calcium on strawberry respiration,

The significantly lower level of ethylene in calcium treated berries than
in untreated strawberries (Table 4, p. 53) indicates that calcium treatment

decreased the level of ethylene produced. This observation is modified by
the significant interactions of Temp x Cal and Temp x Cal x Time for

ethylene (Appendix A, Table A8). These results have been explained

previously in support of the effect of calcium on strawberry respiration.

For calcium treatment to decrease ethylene production in strawberries, they
must be stored at a temperature higher than 2'C. The lower level of
ethylene produced at 25 than at 2'C (Table 4) is because of this latter
effect.

Although there was not a significant difference between films in the
level of ethylene produced by strawberries (Table 4). the interaction of
Temp X F1 X Time on ethylene levels showed this was not the entire effect

of Fl. Strawberries packaged in barrier film and stored at 2'C for 4 days
had a higher level of ethylene than strawberries packaged in a permeable

film and stored under the same conditions (Table 10, p. 62). Storage of the
berries at 25'C reversed this result (Table 8, p. 59 and Table 10). From

these results, it would seem that packaging strawberries in barrier film for

room temperature storage or in permeable film for low temperature storage
would impede ethylene production the most.

Regardless of the type of packaging or the calcium treatment of the
strawberries, the highest levels of ethylene in the strawberries were found

at 4-days storage at either storage temperature when the percentage of
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oxygen was below Z% and when carbon dioxide was in excess of 10%. Li and

Kader (1989)reported any modified atmosphere with 10% or greater carbon
dioxide, alone or in combination with 2.0% or less oxygen, decreased the
production of ethylene by strawberries when compared to air. Results of
the present study seem to be in contradiction to result of Li and Kader

(1989). However, the exact level of the carbon dioxide and oxygen during the
ethylene production in the present investigation was not determined.

Postharvest Losses

The analyses of variance for the postharvest loss variables, off-flavor

(% packages), unacept(% berry weight), mold(% packages), loss(% weight)
and liquid (% drip), as a function of Cal, Fl, Temp and Time and their
interactions are presented In Appendix A, Tables A1 and A2. Off-flavor was
affected by Temp, Time, the Temp x Time Interaction and the Fl x Cal x Time

interaction at the P < 0.05 level. Mold was affected (P < 0.05) by Temp,
Time and the interactions, Temp x Cal and Temp by Time. Also, the Cal x
Time was significant for mold at the P < 0.10 level. Unacept was affected
(P < 0.05) by Temp, Time and Temp x Time interaction. Unacept also had the
4-way interaction, Temp x Fl x Cal x Time, significant at P < 0.05. Loss was
significantly affected by Fl, Temp, Time, and the interactions. Temp x Fl, Fl

X Time, Temp x Time and Temp x Fl x Time at the P < 0.05 level and by Temp
X Cal X Time at the P < 0.10 level. Cal, Fl, Temp, Time and the interactions,

Temp X Fl, Temp x Time, and Temp x Fl x Time, were significant for liquid at
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the P < 0,05 level; the Temp x Cal Interaction was significant at the P < 0.10
level for liquid.

The mean percentages of the postharvest variables for Cal, F1 and Temp
are given In Table 4, p. 53. Calcium treated strawberries had a higher
percentage of packages that were unacceptable and higher percentages of
weight loss and liquid drip than did the untreated berries. Strawberries

packaged in the permeable film had a higher percentage weight loss but a
lower percentage liquid drip than did berries packaged in the barrier film.

Strawberries stored at 2X had a lower percentage of packages that had offflavor and were unacceptable than did berries stored at 25'C.

The percentage packages with off-flavor for each Temp and Time are

given in Table 5, p. 55. By 4-days storage at 25°C, 100% of the strawberry
packages had an off-flavor, while none of the packages stored at 2'C had
off-flavor. In fact, even after 20 days storage at 2*C, only 61 % of the
packages had an off-flavor.

A significant quadratic, cubic, quartic or pentic effect was found for the

percentage weight of unacceptable berries at each Temp, Cal, F1 and Time
presented in Table 6, p, 56. By 20 days storage at 2*C, more than 90% of the

berry weight of calcium treated and untreated berries packaged in
permeable and barrier films were unacceptable. It only took 4-days storage

at 25°C to reach an equivalent level. At 4-days storage at 2'C, a higher
percentage weight of calcium treated berries In the barrier film than those

in the permeable film were unacceptable. By 8-days storage , however, the
percentage weight of calcium treated berries in permeable film that was

unacceptable had surpassed that of the treated berries in barrier film . By
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8-clays storage at 2'C, the percentage weight of unacceptable, untreated
berries in the barrier film was greater than that of the untreated berries in

the permeable film, and this continued throughout the storage period,

Throughout the 25 C storage period, however, there really were not any
significant differences in the percentage weight of unacceptable berries

between calcium treated and untreated berries or those packaged in
permeable or barrier films. Significant quadratic Time effects were found
for the percentage weight of unacceptable berries for each Cal-Fl
combination during 25°C storage.

The percentage packages with noticeable mold growth and the
percentage liquid drip for each Temp and Cal combination are given in Table
7, p. 58. Calcium treated strawberries stored at 25'C had a lower

percentage packages with mold and a higher percentage liquid drip than did
the untreated berries. No significant differences between untreated and
calcium treated berries existed for the percentage packages that had mold
growth or the percentage liquid drip during storage at 2''C.

The percentage weight loss and percentage drip liquid for each Temp and
F1 combination are presented in Table 8, p. 59. Berries stored in the
permeable film at 2*0 had a higher percentage weight loss than berries
stored in the barrier film. Berries stored in the permeable film at 25*C had

a higher percentage weight loss but lower percentage liquid drip than did
berries stored in the barrier film.

The percentage weight loss at each Temp, Cal and Time are given in Table
9, p. 61, and for each of these combinations, a significant Time effect was
found on the percentage weight loss. Calcium treated strawberries tended
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to have a higher percentage weight loss than untreated berries at either
storage temperature. Two exceptions to this trend occurred at 4- and 12

days storage at 2'C, where the untreated berries had a greater and the same
weight loss, respectively, compared to the treated strawberries thus

causing the significant Temp x Cal x Time interaction of percentage weight
loss.

The percentage weight loss and percentage drip liquid are shown in Table
10, p. 62, for each Temp, F1 and Time combination. Except for the
percentage drip liquid in berries packaged in permeable or barrier films and
stored at 2*C, a significant Time effect was found for each of the other
combinations. Except for Q-day storage, berries stored in the permeable
film at 2 or 25°C had a greater percentage weight loss than did berries

stored in the barrier film. Also, except for 0-day storage, berries stored in
barrier film at 25'C had a greater percentage liquid drip than did
strawberries stored in the permeable film.

Calcium treatment of the strawberries using infusion under pressure

injured the tender Cardinal strawberries used in this study as shown by the
greater percentage liquid drip and higher percentage weight loss by the
calcium treated berries than the untreated berries (Table 4, p. 53). The
higher percentage liquid drip in treated berries stored at 25*C versus the
untreated berries (Table 7, p. 58) also supports injury by the calcium
treatment. However, calcium treatment of the berries did have some
positive effects. It reduced the respiration rate in strawberries stored at

25 C as previously discussed and also reduced the percentage packages with

70

noticeable growth in strawberries stored at the same temperature (Table 7,
p, 58). These results have not been found previously.

The higher percentage liquid drip and lower percentage weight loss in
strawberries packaged in the barrier film than in those packaged in the
permeable film (Table 4, p. 53)show that the barrier film which is

polyvinylchloride has a more limited permeability to water vapor than the

permeable film. The lack of significant differences between the types of

film for the percentage of unacceptable berries and the percentage packages
with off-flavor and mold growth show that within the storage periods and
temperatures involved in the present experiment the type of packaging film
did not influence the shelf life of the strawberry.
The fact that storage of strawberries at the lower temperature
decreased the incidence of off-flavor (Table 4)are in agreement with

several investigators (Kader, 1980; Wills et al., 1989). These investigators
reported that storage at lower temperatures decreases the ripening rate of
fruits and prolongs shelf life. The recommended temperature for cold

storage of strawberries is 1-2'C (Oeeson and Browne, 1982; Lutz and

Hardenburg, 1968; and Robinson et al., 1975). The lower percentage weight
loss at 2 than at 25*C storage (Table 4)is due to less water evaporation at

the lower temperature. The lower percentage of liquid drip and percentage
unacceptable berries at 2 than at 25'C storage (Table 4)are due to the fact
that the lower storage temperature slows down deterioration of the

strawberries and reduces the rate of decay (Aharoni and Barkai-Golan, 1987;
Harris and Harvey, 1973).
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Chemical Charactfiri^tirg

The analyses of variance for the chemical variables, acidity and calcium
content In the strawberries Is given In Appendix A, Table A3. The acidity
level In the strawberries was affected (P < 0.05) by Temp, Time, Temp x Gal,
and Temp by Time. The calcium content had (P < 0.05) Gal, Temp, and Time
effects and a Temp x Time Interaction at the P < 0.05 level and a Temp x Gal
interaction at the P < 0.054 level.

The mean levels of acidity and calcium in the strawberries are shown In

Table 4, p. 53. Berries treated with calcium had a higher level of calcium
than did the untreated berries. Compared with berries stored at 2*G, berries
stored at 25'G had a higher level of acidity and calcium content.

The mean levels of acidity and calcium content are given for each Temp
and Time combination In Table 5, p. 55. The acidity of strawberries stored
at 2*G decreased linearly across storage time for 0-20 days, while the
acidity of the berries stored at 25'G Increased quadratlcally from 0- to 8days storage. The calcium content In berries stored at 2'G had a cubic Time

effect. The level of calcium Increased from 16.2 mg Ga/lOO g fresh
strawberries at 0-day storage to 22.0 at 8-days storage before decreasing
to 21.8 at 12-days and then Increasing to 25.0 at 20-days storage. The
calcium content of the strawberries stored at 25*C Increased quadratlcally
from 0- to 8-days storage.

The decrease In acidity level In berries across storage at 2*C (Table 5, p.
55) may be due to the use of naturally occurring organic acids In the
strawberries as substrates for respiration. Other Investigators have shown
that these organic acids can be used for respiration (Aharoni and Barkal-
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Golan, 1987, Browne et al., 1984; Couey and Wells, 1970; El-Kazzaz et al.,
1983), The lower levels of acidity in berries stored at 2'C compared to that

of berries stored at 25'C (Table 4, p. 53) most likely is due to this decrease
in organic acid concentration also.

The increase in the acidity level across storage time in strawberries
stored at 25'C (Table 5) most likely is because fermentation occurred

producing lactic acid. According to several investigators (Aharoni and
Barkai-Golan, 1987; Browne et al., 1984; Couey and Wells, 1970; El-Kazzaz
et al., 1983)fermentation occurs when oxygen levels are limited. The

oxygen level in the headspace of berries stored at 25'C after 4-8 days
storage was less than 22%(Table 5). The fact that 100% of the packages of

berries stored at 25°C had an off-flavor (aroma of ethanol) at 4- and 8-days
storage (Table 5)also supports fermentation occurring.
The level of calcium reported in strawberries ranged from 16 to 30
mg/100 g fresh weight (Souci et al., 1986). The calcium contents of the

fresh strawberries, including both calcium treated and untreated berries,
found in the present study (Table 5) are, with one exception, within that
range. Infusion of calcium into the strawberries under pressure, however,
did significantly increase the calcium content of the berries (Table 4, p. 53).
The apparent increase in calcium content in the fresh strawberry across
storage time at 2'C (Table 5) may be explained partially by the manner in
which the concentration of calcium was calculated in all of the

strawberries and the weight loss due to evaporation during storage (Table 9,

p. 61). The calcium content of the strawberries was calculated assuming
the moisture in all of the berries was 88.9%. Berries stored for 20 days at
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2°C lost an average of 48% moisture (loss), Therefore, the correct
moisture level in the berries after 20-day storage at 2'C was 841 not

88.9%. The level of calcium in berries stored for 20 days (Table 9)
calculated on the correct moisture basis(841 %) would be 17.5 mg
calcium/100 g strawberries on an as is basis. This level is close to the

16.2 mg calcium/100 g strawberries as is at 0-day storage.
The same argument also can be used for the calcium content in

strawberries on an as is basis after storage for 4 and 8 days at 25*C.
Taking into account the average percentage weight loss in the berries (Table
9), the moisture in berries stored for 4 days at 25'C should have been
84.0%, and the calcium content of these berries on as is basis would be 19.8
mg calcium/100 g strawberries. The moisture in strawberries stored for 8

days at 25'C should have been 82.45%, and the calcium content, 21.57 mg
calcium/100 g strawberries on an as is basis. Reasons for the corrected
higher level of calcium on an as basis in strawberries stored at 25'C for 4
and 8 days are unknown at this time.

Strawhprrv Flavor

Sensory Evaluatinn

The analysis of variance for the flavor acceptability scores of

strawberries are presented in Appendix A, Table A10, The only significant
difference found in the score among strawberry treatments sensorlally
evaluated was between untreated and treated berries.
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The mean flavor acceptability scores for strawberries from different
treatments and the number of panelists who like the flavor of the berries

from different treatments are presented in Table 1 1. The sensory panel
indicated that they liked the flavor of the untreated berries significantly
more than the flavor of the calcium treated berries. Both scores, however,
were between dislike slightly and like slightly. The reason for the low
flavor scores according to written comments from the panelists was that
the strawberries were too sour. The berries which had been stored frozen

for approximately one year were in a pureed form and did not have any sugar
added for the sensory evaluation, It is possible that panelists would have

liked the flavor more if sugar had been added for the sensory evaluation.
Looking at the number of panelists who liked the flavor of the

strawberries, however, presents slightly different results than just the
mean flavor acceptability score, A significant number of panelists liked the

flavor of the untreated berries stored In the barrier film for 8 days at 2*C,
and overall, a significant number of panelists liked the flavor of the
untreated strawberries.

Flavor Volat.ilPR

Kovat's Indices and mean concentrations of the Identified flavor

volatiles isolated from calcium treated and untreated strawberries are
given in Table 12. The retention times of the alkanes used to determine the

Kovat's Indices of the volatiles are given in Appendix B, Table B). Twenty
volatile compounds were either positively or tentatively identified in the
flavor volatiles isolated from the strawberries. The most abundant
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Table 11. Mean flavor acceptability scores and the number of panelists who
liked the flavor of calcium treated and untreated strawberries stored in

permeable or barrier film for 0 and 8 days at 2'C
Storage
(days)

Treatmpnt

Packaging

No fa

film3

Scored

Numberc

Score

Number

0

0

45+ 1,7
(n=29)

17/29

4,3+ 1 ,5
(n-29)

16/29

8

1

42 ± 2,1

15/29

5,0 ± 1,7
(n=29)

18/29

15/29

4,8+ 1,5
(n=29)

47/87

4,7 + 1,6Be
(n=87)

(n=29)
8

2

42 + 2,1

(n=29)
43 ± 1,9Ae
(n=87)

I I im, ^ uai MCl

55/871^

Nil II.

^Means ± standard deviation on an 8-point Hedonic scale where 4=dislike

slightly and 5=like slightly.

•^Number of panelists who liked the flavor/total number panelists,

^The number of concurring responses Indicates significant liking of

strawberries from this treatment (P < 0,05),

^Means in a row followed by unlike letters are significantly different(P

< 0 05),

^The number of concurring responses indicates significant liking of the

strawberries not treated with calcium (P < 0.05),
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Table 12, Kovat's Indices and mean concentrations of volatile compounds
isolated from calcium treated and untreated strawberries

Volatile

Methyl isobutyrateC
Ethyl propionatec

Kovat's
Index

Ca

No Ca

(n = 3)

(n = 3)

743.3

0.058 ± O.lOld

0.536 ± 0.547

778.6

0,591 ± 0,978

0,016 ± 0,027

786,7
791,0

0,21 1 ± 0,365
0,033 ± 0,057

Hexanal

823,1
840,8
876,6
880.9

Ethyl methyl butyrate*^

0,040 i 0,070
0.033 t 0,057
0,124 ±0,146
0,009 ± 0,015

0,010 ± 0,010
0,049 ± 0,085
0,050 ± 0,078
0,043 ± 0,069

0,012 ± 0,022
0.158 ± 0,042

920.8

0,008 ± 0,014

0,021 1 0,020

932,8
952,9

0,046 ± 0,045
0,204 ±0,082

0,076 ± 0,132
0,600 ± 0,289

980,4
999,9

nd^
0.030 ± 0,019

0,026 ± 0,024
0,077 ± 0,062

1057,0
1077,1

1088,3
1099,8

0,013 ± 0,023
0,058 ± 0,046
0,152 ± 0,009

0,088 t 0,071
0,1 17± 0,017
0,262 ± 0,074

0,046 ± 0,054

0,102 ±0,047

1 160,5
1 180,0

nd
0,004 ± 0,006

0,052 ± 0,074
0,085 ± 0,1 13

1246,4

0,023 ± 0,025

0,033 i 0,034

1,683 ± 1,379

2,416 ±0.135

Pentanaic

Methyl butyrate
Toluene

isobutyl acetate

Ethyl butyrate

Ethyl isopentanoatec
l-Hexanol

2-HeptanoiC

Methyl hexanoate

l-Heptanolb
Ethyl hexanoate

Hexyl acetate

T-2-hexenyl acetate
I-Octanoic
Linalool
1-Nonanolc

Total volatiles

3|n mg methyl decanoate equivalents/400 g strawberries.
^See Table 4, p. 53, for explanation.
^Tentative identification.

^•Means i standard deviation.

®Not detected under conditions of this study.
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volattles jn calcium treated berries in order of decreasing levels were ethyl
propionate, pentanal, 1-hexanol, hexyl acetate and ethyl butyrate. The most

abundant volatiles in the untreated berries in order of decreasing
concentrations were 1-hexanol, methyl isobutyrate, hexyl acetate, hexanal,
ethyl hexanoate and t-2-hexenyl acetate.

Although the standard deviations were very large for most of the mean
concentrations of the volatiles in Table 12, it can be seen that calcium

treatment decreased the concentrations of specific volatiles. For example,
the levels of hexanal, 1-hexanol and hexyl acetate do not overlap between
calcium treated and untreated strawberries when the standard deviations
are considered. Calcium infusion of the strawberries also interfered with

the production of 2 volatiles, 2-heptanol and 1-octanol. These compounds
were present in the untreated berries, but were not detected in the calcium
treated berries.

The Kovat's Indices and mean concentrations of volatile compounds

Isolated from strawberries stored for 0 and 8 days at 2'C are given in Table
13. While there was a trend for storage at 2'C to decrease the
concentration of the total volatiles In the strawberries, several volatile

compounds were also produced during the 8-days storage that were not
detected in the fresh berries. These included methyl Isobutyrate, methyl
butyrate, toluene, Isobutyl acetate, ethyl methyl butyrate, 2-heptanol and
I-octanol.

Three significant correlations(n=6) between flavor acceptability score
and the concentrations of flavor volatiles were found. The flavor score was

correlated (P < 0.05) with the levels of 2-heptanol (r=0.94), methyl caproate
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Table 13, Kovat's Indices and mean concentrationsa of volatile compounds
II

Isolated from strawberries stored for 0 or 8 days at 2°C

Volatile

Kovat's

Index

Methyl Isobutyratet)

743,3

Ethyl propionateb
Pentanalb
Methyl butyrate

778,6
735,7
791.0

Toluene
Isobutyl acetate

823,1
840.8

Ethyl butyrate
Hexanal

875,6
880,9

Ethyl methyl butyrate^^ 920,8
Ethyl isopentanoateb
1-Hexanol

932.8
952,9

2-HeDtanolb

930,4

Methyl hexanoate

999,9

1-Heptanolb

1057,0

Ethyl hexanoate
Hexyl acetate

1077,1
1088,3

T-2-hexenyl acetate
1-Octanolb

1099,8
1 160,5

Linalool

1 180,0

I-Nonano|t>

1246,4

Total volatiles

0

8

(n = 2)

ndc

0,446 + 0,482d

0.860+ 10216

0.025 + 0.029

0.316 + 0.447

0.007 + 0,010

nd
nd

nd

0.143 + 0,202
0,101 + 0.143
nd

0,062 + 0.074
0,068 + 0,073
0,057 + 0.063

0,032 + 0,042
0.075 + 0.073

0,045 + 0,007

0,022 + 0,017
0,029 + 0.047
0,313 + 0,153
0,019 + 0,023
0.058 + 0.062

0,085 + 0.121
0.095 + 0.037
0,227 + 0,1 14
0,078 + 0,039

0.034 + 0,023
0,083 + 0,053
0.197 + 0,071
0,072 + 0,066

0,126 + 0,146
0,580 + 0,500
nd

nd

0,107 + 0,151

0,034 + 0,066
0.013 + 0.020

0,005 + 0.007

0.040 + 0.026

2.767 + 0.0706

1.691 ± 0.931

3|n mg methyl decanoate equivalents/400 g strawberries,
^Tentative identification

CNot detected under conditions In the study,

^Mean + standard deviation,
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(r=0,83) and trans-2-hexenyl acetate (r=0.93). A positive correlation
coefficient Indicated that higher concentrations of these volatlles
contributed to a more likeable flavor.

All of the volatile esters Identified In the Cardinal strawberries In the

present study, except t-2~hexenyl acetate, have been previously Identified

In cultivated strawberries by Dirlnck et al.(1981). The ester, t-2-hexenyl
acetate, hexanal and all of the alcohols. Including llnalool, were found

previously as volatile compounds In cultivated strawberries by Pyysalo et
al,(1979), Pentanal has also been reported as a volatile compound In
strawberries (Yamashlta et al,, 1977) and has been shown by Yamashlta et
al.(1977) to be the source of 1-pentanol and 1-pentyl esters In
strawberries,

Dirlnck et al,(1981) reported that the most abundant esters In 7

different varieties of cultivated strawberries were methyl butyrate, ethyl
butyrate, methyl hexanoate, ethyl hexanoate and hexyl acetate. Pyssalo et
al.(1979)reported that the most abundant volatlles In the Fragaria
ananassa cultivated strawberries Included l-hexanol, llnalool, 2-

heptanone, methyl butanoate, ethyl hexanoate, and 2,5-dlmethyI-4-methoxy
3(2H) furanone. The volatlles reported In strawberries that were not

treated with calcium (Table 13) In the present study should be most like the

volatlles In strawberries reported by Dirlnck et al.(1981)and Pyssalo et al.
(1979). In those strawberries, the most abundant volatlles were l-hexanol,
methyl Isobutyrate, hexyl acetate, hexanal, ethyl hexanoate, and t-2hexenyl acetate.
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Toluene was not reported to be present in strawberries previously. In
the present study, it was found only in berries that had been stored for 8-

days at 2'C (Table 13). It is possible that toluene was formed as a result of

storage of strawberries in the barrier film at the low temperature, and that
it is not a normal volatile compound in strawberries.

The effect of the calcium treatment on the volatiles of strawberries has

not been reported previously. Since 6eduspan and Peng (1986) reported the
significant effect of calcium treatment on the volatiles in cucumbers, it
was expected that the calcium treatment of strawberries would affect their

volatiles. The decreased concentrations of the volatiles, hexanal, 1-

hexanol, methyl hexanoate, l-heptanol, ethyl hexanoate, hexyl acetate and t2-hexenyl acetate in the calcium treated strawberries compared with those
in untreated strawberries may have been one reason why the flavor score of

those berries was lower than that of the untreated berries (Table I I, p. 75).
The decreased levels of specific volatiles and of the total volatiles in

berries stored for 8 days at 2'C is in agreement with the report of Heath

and Reineccius (1986). These researchers reported that storage of
strawberries below 5'C resulted in bland, tasteless flavor because the cold
temperatures inhibited development of characteristic flavor. Unlike the
results of Gormley et al.(1988), however, the storage of strawberries at

2'C did not result in an inferior flavor score in the present study. However,
the strawberries in the present study were stored only 8 days at 2'C, and
the strawberries in the study of Gormley et al.(1988) were stored at that

temperature for 2 weeks before being analyzed.
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The fact that higher concentrations of methyl caproate and trans-2hexenyl acetate contribute to a more likeable strawberry flavor is in
agreement with the reported results of several investigators. Dirinck et al.
(1977, 1981), Pyysalo et al.(1979), Schamp and Dirinck (1982) and Schreier

(1980)showed that esters were, quantitatively and qualitatively, the most
important class of volatiles in strawberries.

The fact that a significant number of people liked the flavor of berries

stored in the barrier (polyvinylchloride) film is most likely not because of
the higher concentration of total volatiles. Berries stored 0 day had an
average of 2.77 + .71 mg total volatiles/400 g strawberries but the flavor
of these berries was not liked by a significant number of panelists (Table

1 1, p. 75). In contrast, the berries stored in the barrier film had 2.45 mg
total volatiles/400 g strawberries, but the flavor of these berries was
liked by a significant number of the panelists.. These results are in

contradiction to the results reported by Brown et al.(1984). They reported
that the superior flavor of strawberries stored in polyethylene wrapped

packages at 2X was because the film retained the strawberry flavor
volatiles during storage. It is more likely that higher concentrations of the
esters, methyl caproate and trans-2-hexenyl acetate, than the

concentrations of the total volatiles contributed to more panelists liking
the flavor of the strawberries in the present study.
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CHAPTER V

SUMMARY

One-half of Cardinal strawberries harvested from a local growing site
near Knoxville, IN, in the early June, 1989, was infused with a 0.5%

calcium lactate solution for 4 minutes under 5 psi pressure (Ca treatment)
and the other half was not treated (No Ca treatment). Both calcium treated

and untreated strawberries were packaged in a film permeable to moisture

and in a film that was a barrier to moisture (polyvinylchloride).
Strawberries, untreated and calcium treated, packaged in both films were
stored at 25'C for 0, 4 and 8 days and also at 2'C for 0, 4, 8, 12, 16 and 20
days. The variables studied in the fruit included postharvest respiration
characteristics (oxygen, carbon dioxide and ethylene levels), postharvest
loss characteristics (percentage packages of strawberries with noticeable

mold growth, percentage packages with an off-flavor, percentage weight
loss, percentage liquid drip, percentage weight unacceptable fruit),

chemical characteristics (titratable acidity in mg citric acid/100 ml berry
juice and calcium content in mg Ca/100 g fruit). The flavor acceptability of
the untreated and calcium treated fresh strawberries (0-day storage) and
untreated and calcium treated strawberries stored at 2'C for 8 days was
evaluated by a 29-member sensory panel on a 8-point hedonic scale where 1

= dislike extremely and 8 = like extremely. The flavor volatiles of the same
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samples of strawberries evaluated by the sensory panel were also Isolated
by a dynamic headspace concentration on a charcoal trap. The volatlles

were eluted from the trap by methylene chloride and concentrated, They
were analyzed qualitatively by gas chromatography mass spectrometry and
quantitatively by gas chromatography equipped with a flame lonlzatlon
detector.

Postharvest respiration and loss characteristics and chemical

characteristics were analyzed statistically as a function of calcium
treatment (Cal), packaging film (Film), storage temperature (Temp)and
storage time (Time). Only 6 samples of strawberries(Ca and No Ca

treatments stored 0-day and in barrier and permeable films for 8 days at
2'C )were analyzed for flavor acceptability and flavor volatile levels. Each
strawberry sample was designated as a treatment, and the flavor

acceptability score was analyzed as a function of treatment and panelist

with the significant differences among treatments being Identified by
orthogonal contrasts. There were not enough samples to analyze the
concentrations of the volatlles statistically. Means and standard deviations
of the concentration of each volatile were determined for Ca and No Ca

treatments and for 0- and 8-days storage.
Calcium treatment of strawberries stored at 25'C was beneficial; It

decreased the rate of respiration and the level of noticeable mold growth In
the berries. Calcium treated berries packaged In the barrier film had a

lower level of carbon dioxide than did the untreated berries packaged In the
same film (15.9 versus 26.4%) after 4-days storage at 25'C. Compared with

untreated berries, calcium treated berries stored for 4 days at 25'C also
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produced lower levels of ethylene (0.02 versus 0.25 ppm).
However, calcium treatment of strawberries stored at 2''C reversed the
findings at 25'C. Calcium treatment reduced the respiration rate and had no

effect on the level of noticeable mold growth. At 4-days storage at 2°C,
calcium treated berries stored In the barrier film had a higher level of
carbon dioxide than did untreated berries stored In the same film (18.5

versus 3.9%), The calcium treatment also Increased the level of ethylene In
berries stored In the barrier film for 4 days at 2'C when compared with that
In the untreated berries (0.26 versus 0,08 ppm).
Although calcium treatment of the strawberries had some beneficial

effects, the treatment also Injured the tender Cardinal strawberry, and this
injury was more apparent at 25'C storage than at 2'C. At the higher storage
temperature, a greater percentage liquid drip occurred In the calcium

treated than In the untreated berries but at the lower temperature this did

not happen. Compared with 2'C, storage at 25'C Increased the percentage
weight loss In both the untreated and treated strawberries, and the

difference In percentage weight loss between the untreated and treated
berries at 4-days storage was greater at 25'C than at 2'C.
Calcium treatment of the strawberries also resulted In a difference In

titratable acidity of the strawberries stored at 25'C but not at 2'C storage
and Increased the calcium content of the strawberry. Calcium treated
strawberries were also liked significantly less than were the untreated
berries (4.3 versus 4.7). The mean hedonic scores of both treated and

untreated berries however were between dislike slightly and like slightly.
The low hedonic scores for flavor desirability were most likely due to the
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lack of sugar in the berries.

Calcium treatment of strawberries decreased the concentrations of

several flavor volatiles, ethyl butyrate, hexanal, l-hexanol, hexyl acetate
and linalooC in strawberries and prevented the formation of 2-heptanol and
1 -octanol. These decreased levels of volatiles may have caused the lower
flavor score in the calcium treated berries than in the untreated berries.
Storing strawberries in permeable film versus the barrier film did not

affect appreciably the quality of the berries during storage. The main effect
that storage of strawberries in the barrier film versus the permeable film

had was to reduce the percentage weight loss due to evaporation. However,
strawberries stored in the barrier film at 25*C had a much higher
percentage liquid drip than berries stored in the permeable film. The

difference in the percentage liquid drip between the two films at 25 *C,
however, was mainly due to the increased weight loss of berries stored in
the permeable film. The higher levels of carbon dioxide that were trapped

by the barrier film compared to the permeable film at 4-days storage in
untreated and calcium treated berries did not have any effect on the
percentage packages with noticeable mold growth. Storage of strawberries
in the barrier film also did not affect the percentage packages with off-

flavor, or the acidity level. These results indicate that storage of the
berries in the barrier film did not result in increased fermentation of the
berries.

Storage of strawberries at 25'C compared with 2'C increased the

percentage carbon dioxide, percentage weight loss, percentage liquid drip,
percentage weight of unacceptable berries, and percentage packages with
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off-flavor, generally, the rate of increase in the level of each of these

variables was greater across days storage at 25 than at 2'C, It generally
took 16-20 days storage at 2°C compared with 4 days storage at 25'C for
the level of each variable to approach the same value,

It was of interest that the level of acidity in strawberries decreased

during 2'C storage but increased during 25'C storage. The increase in
acidity at 25''C storage was most likely due to fermentation that occurred

during 25'C storage producing lactic acid. This is supported by the fact that
100?6 of the packages had off-flavor (ethanol aroma) at 4- and 8-days
storage at 25'C, The decrease in acidity level at 2'C storage may be due to
the naturally occurring acids in strawberry being used for respiration

and/or fermentation and the fact that lactic acid was not produced during
fermentation.

The presence of methyl Isobutyrate, methyl butyrate, tsobutyl acetate,
ethyl methyl butyrate and methyl hexanoate in berries stored at 2'C for 8

days but not in the fresh berries (0-day) Indicates that typical strawberry
flavor volatiles were produced during storage. The decline in the

concentrations of the other volatiles present in the fresh strawberry,
however, resulted in a decrease in the concentration of total volatiles
during storage. This has been found before.

Results of the present study show that calcium treatment of
strawberries has some beneficial effects when the strawberries are stored

at 25'C, However, the optimum storage temperature of calcium treated
berries and ways to infuse calcium into the strawberries without

mechanical injury need to be determined. Packaging of the strawberries in
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permeable or barrier film really did not affect the quality or shelf life of
the strawberries that much under the storage conditions of this experiment.
However, storage of the Cardinal strawberries at 2'C resulted in a 8- to

12-day shelf life, but at 25''C, the shelf life was less than 4 days.
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ANALYSES OF VARIANCE TABLES
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Table A1. Sums of squares from analysis of variances for the headspace
concentration of carbon dioxide, oxygen and ethylene and percentage
packages with off-flavor
Degrees of Carbon
Source

freedom

dioxide Oxygen Ethylene

Caia

1

1,07

0,05

0,0212*

Fit)
TempC

1

100,48x6

0,02

0,0054

1

I78.55*f

4,93* 0,0079

TimeCl

5

878,56*2631,96* 0,1574*

Off-flavor
1018,9
210,5
40178,6*

59718,8*

F1 X Cal

1

15,24

0.39

0,0026

270,4

Temp X Cal

1

55,37

0.03

0,0432*

178,6

Cal X Time

5

31,16

0,91

0,0347

Temp X F1

1

35,16

0,72

0,0163*

F1 X Time

5

262,19

0,79

0,0343

Temp X Time

2

138,81x

3,20* 0,0084

Temp X F1 X Cal

1

54,05

0,37

0,0008

178,6

F1 X Cal X Time

5

25,76

0,89

0,0346

6087,8*

Temp X Cal x Time

2

61,06

0,23

0,0620*

346,2

Temp X F1 X Time

2

22,41

0,40

0,0393*

346,2

Temp X F1 X Cal X Time

2

140,52x

0,44

0,0010

346.2

633,03

6,58

0,0972(26)

Error

24

Total

59 3067,41 2751,16

^Infusion with or without calcium,

bjypes of package films,
cstorage temperature

cistorage time.
ep<0.10,

fp < 0.05.

1814,1
178,6
1773,6

21884,6*

1 1 1 1 1 , 1(26)

0,5797(61) 138082.4(61)

103

Table A2, Sums of squares from analysis of variances for percentage
weight loss, liquid drip and total unacceptable fruit and percentage
packages with mold growth
Degree of
Source

freedom

Unaceptg

Loss

Liquid

Mold

Caia

1

187,42

l,82x

76,48*

1 102,9

Fib
Tempc
Timeb

1

142,72

1 18,68*

136,47*

314,5

5

F1 xCal

1

44,89

1 ,10

33,55

Temp X Cal

1

107,72

0.93

59,18xf

3888,8*

Cal X Time

5

271.16

4,09

55,73

9097,4x

1

Temp X F1

1

F1 X Time

29744,25*e 57,41* 1394,82*

1 1428,6*

76727,62* 245,00* 1 148,99* 69359,6*
860,9

92,48

6.52*

5

463.40

54,20*

121,28

4193,3

Temp X Time

2

16318.27*

31,68*

820,14*

10153,9*

Temp X F1 X Cal

1

F1 X Cal X Time

133,89*

0,0

96.22

0,23

4,20

4

572,51

2,53

61,68

1591,9(5)

Temp X Cal x Time

2

1 10,16

2,96x

48,56

3094,0

Temp X F1 x Time

2

272,08

5,58*

130,18*

444,4

Temp X F1 X Cal x Time

2

603,25*

0,49

7,10

1384,6

Error

26

2392,89

12,65

387,00

20555,6

Total

60 1 15121,80

510,71

^Infusion with or without calcium,

^Types of package films.
^storage temperature,

^Storage time,
ep < 0,05,

t'P <0,10,
gunacceptable berries.

714,3

5169,1 1 132276,0(61)
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Table A3, Sums of squares from analysis of variances for titrltable acidity
and calcium content In strawberry fruit

Degrees of
Source

freedom

Acidity

Calcium

Caia

1

0,0687x6

Fit)
TempC
TimeCl

1

0.0015

1

0.2841*^

427.80*

5

0,2423*

131 1.29*

Pi xCal

1

0,0000

Temp X Ca!

1

0,1071*

22.73X

Cal X Time

5

0.0397

28.66

Temp X F1

1

0.0346

3.70

F1 X Time

5

0.0241

4,65

Temp X Time

2

0.1649*

Temp X F1 X Cal

1

0.0168

0.19

Fi X Cal X Time

5

0.0456

21.35

Temp X Cal x Time
Temp X Fl x Time
Temp X Fl X Cal x Time

2

0.0577

13.69

2

0.0442

3.70

2

0.0481

19.54

Error

26

0.4643

145.77

Total

61

2,2716

2406.33

^Infusion with or without calcium.

t'Types of package films,
^Storage temperature,

cistorage time,
ep <0,10,

fp < 0,05,

154,41*

2.24

0.00

263.19*
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Table A4 Separation of sums of squares for significant temperature
interaction for percentage packages with off-flavor and headspace

concentration of ethylene, carbon dioxide and oxygen
Degrees of
Source

freedom

Temp = 2*ca
Calb
Flc

Timed

Ethylene

Off-flavor

Carbon
dioxide

Oxygen

1

1634x6

0.0000

20.12

0.00

1

65

0.0004

6.70

0.31

5

28903*f

0.0881*

153.85

1338.48*
617.09*

Time

1

22881*

Time2
Time^
Time^
Time5

1

2192

480.91*

1

585

228.62*

1

32085*

51.23*

1

1
5
5
5

5190*
588
2094
1980
6339*

0.0021
0.0360
0.0596*
0.0271

4.43
58.81
1 16.60
96.64

3.98*
0.00
0.96
0.66
0.83

1
1

0
0

0.0442*
0,0067

16.68
179,37*

0.0833*

952.99*

0.0038
0.0673*
0.0076

37.80
29.83
179.43*

Cal X F1
Cal X Time
F1 X Time
Cal X F1 X Time

Temp = 25°C
Cal
F1

Time
Time

Time2

2
1

53333*
40000*

1

Cal xFl
Cal X Time
Fl X Time

1
2
2

13333*
0
0
0

Cal X Fl X Time

2

0

0.0076

astorage temperature.
^Infusion with or without calcium,

cjype of packaging films.

^storage time.
ep<0.10.
< 0,05.

64.65

0.'l6
0.38

1313.85*
958.38*

372.04*
0.64
0.13
0.56
0.39
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Table A5, Separation of sums of squares for significant temperature
interaction for percentage weight of unacceptable berries, weight loss and
liquid drip and percentage packages with mold growth
Degrees of
Source

UnaceptQ

Loss

Liquid

Mold

1

350,9xe

0.07

1.32

588

1

22.4

57.78*

0.21

261

100,38*

77.24

freedom

Temp = 2'C3
Calt>
Flc

Time<^

5

46159,1*^

Time

Time^
Time^
Time'^
Tirne^

3183*
42

1504
124

Cal X F1
Cal X Time
F1 X Time
Cal X F1 X Time

49302*
46317*

132.2
3542
604.1
989.3*(4)

5
5
5

0,27
2.94
33.93*
2.53(4)

8 40
4.88
1.07

0
8190
1809

15,18

1667

3.74*

146,36*

50.38*
108.79*

304.20*
2050.59*

5602*
46
321204*
4444*
26759*

0,76
4.77*
25.19*

32,63
1 1 1.29*
287.25*

2269
4537
3426

0.44

62,27

1204

Temp = 25'C
Cal

1

F1

1

Time
Time

2

TiiTie2

1

Cal xFl
Cal X Time
F1 X Time

1
2
2

Cal X F1 X Time

2

3,3
68.8
4632,4*

0.1
10,1
36.5
1.5

^Storage temperature.
•^Infusion with or without calcium.

^Types of package films.

^Storage time,
ep < 0.10.

fp < 0.05,
QUnacceptable berries.
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Table A6. Separation of sums of squares for significant temperature
interaction for the levels of titratable acidity and calcium in strawberries
Degree of
Source

freedom

Acidity

Calcium

Temp = IX
Gal
F1

1
I

Time

5

0,0046

36.36*

0.0141

0.00

0.3524*a

341.97*

Time

0.2768*

Time2
Time^
Time^
Time^

0.1621

18.81*

0.01 16

25.12*

0.0004

9.31

Gal X F1
Calx Time
Fix Time
Calx Fix Time

I
5
5
5

0.0155
0.0130
0.0656
0.01 1 1
0.0495

279.01*

0.80
0.01
12.83

6.20
20.49

Temp = 25°G
Gal

1

Fl

1

0.2360*
0.0308

Time
Time

2

0.0947xt)

Time2
GalxFl

1

Calx Time
Fix Time
Calx Fix Time

2
2
2

ap < 0.05.
<0.10,

163.23*

2.70

00946

1290.97*
1217.84*

0.0001

73.14*

0.0131
0.353
0.0683
0.0528

0.16
32.27X
1.40
24.71

105

Table A7. Separation of sums of squares for the significant four way
interaction for percentage weight of unacceptable berries and headspace
concentration of carbon dioxide in untreated and calcium treated berries

packaged in permeable or barrier film and stored at 2'C from 0 to 20 days
at 25'C from 0 to 8 days

or

Degrees of
Source

freedom

Unacept^

Carbon dioxide

Temp = 2'C

Cal = 1;F1= lb
Time

1

1 1826*c

Time2
Time^
Time^
TimeS

1
1
i
1

20

55,70

2

0,20

2

0,20

1704^

27,10

Time

1

8260*

31,80

Time2 MC

1

1300*

52,50

Time^

1

23

206,20*

Time^

1

1 197*

126.50*

Time5

i

25

30,10

II

ul

II

3.10

= 2;F1 =1
Time

1

4147*

4,62

Time2
Time^
Time-^
Time^

1
1
1
1

2344*

0,10

399*

1 1,07

39

0,1 1

Time

1

15421*

6,30

Tirne^
Time^
Time-^

1
1
1

1072*

2,90

328

0.90

687*

5,80

TimeS

1

937*

0,00

0

0,54

= 2;FI = 2

Continued
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Table A7. Continued

Degrees of
Source

freedom

Unacept3

Carbon dioxide

Temp = 25'C

Gal = 1; F1 = lb
1

8280*c

44.60

1

2837*

56.70

Time

1

9170*

1 16.4*

Tlme2

1

3168*

135.4*

Time

1

8417*

32

Time2

1

2394*

30

Time

1

9156*

1 17*

Tlme^

1

2947*

697*

Time

Tjme2
Gal = 1;FI = 2

Gal = 2; F1 = 1

Gal = 2;F1 = 2

^Unacceptable berries,

•^Cal = 1 Is calcium treated berries; Gal = 2 Is untreated berries; F1 = 1
Is the permeable film and F1 = 2 Is the barrier film.
cp < 0,05,
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Table A8. Separation of the sums of squares for the three way interaction,
Temp X Cal x Time, for percentage weight loss and level of ethylene in
untreated and calcium treated strawberries stored at 2'C from 0 to 20 days
or at 25*C from 0 to 8 days
Degrees of
Source

freedom

Ethylene

Loss

Temp = 2*C
Cal = la
70.1*

Time

1

0.0075

Time2
Time^
Time^
TimeS

1
1
1
1

0,0414*c

1.5

0.0469*

0,0

0,0318*

2.0*

0,0005

7.0*

Cal = 2^
Time

1

0,0052

28.7*

Time2

i

0.0067

0,1

Time^
Time^
Time^

1
1
i

0.0004

3.2*

0.0131

0.0

0.0032

1.7

1

0.0002

87.6*

1

0.004

17.6*

1

0.0029

79.0*

1

0.1481*

Temp = 25'C
Cal=l
Time

Time2
Cal =2
Time

Time2

acal = 1 Is calcium treated berries,

t>Ca1 = 2 is untreated berries,
cp < 0,05,

1.3

Ill

Table A9. Separation of sums of squares for the three way interaction,

Temp X F1 X Time, for percentages of weight loss and liquid drip and level of
ethylene in strawberries packaged in permeable or barrier film and stored
at 2'C from 0 to 20 days or at 25'C from 0 to 8 days
Degree of
Source

freedom

Ethylene

Loss

Liquid

Temp = 2'C
F1 = ia
123.59*

33

Time

1

0.0027

Time2
Time^
Time^

i
1
1

0.0240*c

1.06

1.6

0,0003

0,25

0,4

0.0044

1.85*

0.2

TimeS

I

0,0066

6,34*

17.3

Time

1

0,0044

9,82*

42,7

Time2
Time^
Time^
Time^

l
1
1
1

0,0171*

0,48

1,9

0,0643*

0,03

0,0

0.0515*

1.27

1.9

0.0136

0.09

12.04

Time

1

0.0016

148,97*

Time2

l

0.680*

19.62*

59

1

0.0003

36.57*

1875*

l

0.201*

0.81

F1 =2t)

Temp = 25*C
F1 = 1

F1 = 2
Time

Time2

3 F1 = 1 is calcium treated berries,

b F1 = 2 is untreated berries,
cp < 0.05.

399*

0.5

112

Table A10. Sums of squares from the analysis of variance of flavor hedonlc
scores of strawberries

Degrees of
Source

freedom

Treatment^

Sums of squares
15.84

Orthogonal contrasts'^
C1
C2

12,57*c

C3
C4

.08
.06

.00

3.13

C5
Panelists
Error

28
140

Total

173

218.83*
284.83
595.50

^Treatment 1 was calcium treated strawberries at 0-day storage;
Treatment 2 was calcium treated strawberries stored 8 days in film 1;
Treatment 3 was calcium treated strawberries stored 8 days in film 2;
Treatment 4 was untreated strawberries at 0-day storage; Treatment 5 was
untreated strawberries stored 8 days in film 1 and Treatment 6 was
untreated strawberries stored 8 days in film 2,
bSee Table 3 for definition of contrasts,
cp < 0.05,

APPENDIX B

ALKANE RETENTION TIME TABLE
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Table Bl. Gas-chromatographlc retention times of alkanes analyzed at

Initial temperature of -10'C( held 2.5 min), first final temperaure of 10*C
(5'C/min, held 5 min), second final of 50'C (2'C/min) and final temperature
of 220"C (5'C/min, held 20 min)

Average retention time (min)
Alkane^
C5
C6
C7
C8
C9

ClO
CI 1
CI2
CI3
CM

C15
CI6
C17
C18
C19
C20
C21

(n=3)

2,238
4274
8,320
16,285
24035
33,189
39,103
43,230
46.708
49,778
52,606
55,192
57,664
59,999

62,237
64346
66464

C22
C23

68.833

C24

75,878

C25

81,278

3The carbon number in alkane.

71,928
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